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(54) Title: BORONATE MEDICAMENTS SUTTABLB FOR SHORT DURATION ANTICOAGULATION 

(57) Abstract: An oral dosage form of a compound selected fiom boronic adds which have a neutral thrombin (PI) domain linked 
to a hydrophobic moiety capable of binding to the thrombin (S2) and (S3) subsites, and salts, prodrugs and prodrug salts of such 
acids, the dosage form comprising a solid phase formulation comprising the compound and being adapted for reconstitution of the 
formulation to form a liquid preparation. 
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BORONATE MEDICAMENTS SUITABLE FOR SHORT DURAHON ANnCX>AGULATION 

BACKGROUND 

5 

The present disdosure relates to substances selected from organoboronic adds and 
phamiaceuticalV useiiil products obtainable ther^m. TTie disdosure also relates to the use of 
members of the aforesaid dass of substances, to their fomiulatlon, their dosage forms and to other 
sutiject matter. 

Bompeptkle serine PmteaseJhhibitais 

Shenvi (EP-A-145441 and US 4499082) disclosed that peptides containing an a-aminoboronic add 
with a neutral side chain were effedive inhibitors of elastase and has beai followed by numerous 
15 patent publications relating to boropeptide Inhibitors of serine proteases. 

In describing inhibitors or substrates of proteases, PI, P2, P3, etc. designate substrate or inliibitor 
residues whidi are amlno-terminal to the sdsslle peptide bond, and SI, S2, S3, etc., designate the 
corresponding subsites of the cognate protease In accordance with: Schechter, I. and Berger, A. On 
20 the Size of the Active Site In Proteases, Biocha7i.Blophys.Res.Comm., 27:157-162, 1957. In 
thrombin, the SI binding site or "spedfidt/ pock^ is a well defined slit in the enzyme, whilst the S2 
and S3 binding subsites (also respectively called the pro)a'mal and distal hydrophobic pockets) are 
hydrophobic and interact shiongly wfth, respedively. Pro and (RH»he, amongst others. 

25 Aminbboronate or peptidoboronate inhibitors or substrates of serine proteases are described in: 

• US 4935493 
. EP 341661 

. WO 94/25049 

30 • WO 95/09859 

. WO 96/12499 

• WO 96/20689 . 

. Lee S-L et ai, fi'/bcAems&y 36:13180-13186, 1997 

• Domlnguez C et ai, Btorg. Med. Oem. Zett 7:79-84, 1997 
35 • EP 471651 

• WO 94/20526 

• WO 95/20603 

• WO97/05161 

• US 4450105 
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• US 5106948 

• US 5169841 

. WO 96/25427 

• US 5288707 

5 • WO 96/20698 

• WO 01/02424. 

The amino add sequence (R}-Phe-Pro-Arg, imitating amino add sequences of fiiirinogen, was atone 
time considered the best sequence for thrombin inliibitors. This sequence formed tight-binding 
10 inhibitors of thrombin, e.g. Ao<R>Phe-Pro-boiQArg (DUP 714), having Ki values in the picomolar 
range (Kettner et al, J. BM. Chem. 265: 1828»-18297, 1990;.EP^293,881). 

The replacement of the P2 Pro residue of borotripeptide thrombin inhibitors by an N-substituted 
glydne is described in i=evig J M ^ al Bkmig. Med. Oi&n. 8: 301-306 and I^pin A et al Thmmb. 
15 Haemost 78(4):1221-1227, 1997. See also US 5,585,360 (de Nanteuil et al). 

Matbeson D S Oiem. Rev: 89: 1535-1551, 1989 reviews the use of a-halo boronic esters as 
intermediates for the synthesis of Mer aBa amino boronic adds and their derivatives. Matteson 
describes tiie use of pinacol boronic esters in non-chlral synthesis and the use of pinanediol boronic 
20 esters for chiral control, induding in the synthesis of amino and amido boronate esters. 

Unfortunately, organoboronic acids can be relatively difficult to obtain in analytically pure form. 
Thus, alkylboronic adds and their boroxines are often air-sensitive. Kbrcek et al, J. Chem. Soc 
PeiMi Trans, tl^l, 1972, teaches that butylboronic add is readily oxidized by air to generate 1- 
25 butanol and boric add. 

It Is known that denVatisation of boronk: adds as cydic esters provkies oxidation resistance. Fbr 
example, Martichonok V et al J. Am. Oiem. Soc. 118: 950-958, 1996 slate that diethanoiamine 
derivatisation provides protection against possible boronic add oxidation. US Patent No 5,681,978 
30 (Matteson DS et al) teaches that 1,2-diols and 1,3 diols, for example pinacol, form stable cydic 
boronic esters that are not easily oxidised. 

WO 02/059131 disdoses boronic add products which are desaibed as stable. In particular, these 
products are certain boropepUdes and/or bonspeptidomimetics In which the boronk: acid group has 
35 been derivab'sed with a sugar, e.g. mannltol, to form a sugar ester. 
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Neutral PI Residue BompepGde ThromKn Inhibitors 

Claeson et al (US 5574014 and others) and l^kkar et al (WO 92/07869 and family membefs 
including US 5648338) disclose lipophilic tiirombin inhibitors having a neutral (uncharged) C-tenninal 
5 (PI) side chain, for example an altoxyalkyi side chain. 

The aaeson A al and Kakkar et al patent families disdose boronate esters containing the amino add 
sequence D-Phe-Pro-BoroMpg [(R>Phe-Pro-Bon}Mpg], which are highly specific Inhibitors of 
thrombin. Of these compounds may be mentioned In particular Cbz-<R>Phe-Pra-BoroMpg-OPInaool 
10 (also known as TRI 50b). The oorresiponding free boronic add is known as TRI 50c. For further 
information relating to TRI 50b and related compounds, the reader b referred to the foMng 
documents: 

• Elgendy S et al., in The Design of Synthetic Inhibitors ofThimM, Claeson G et al Eds, 
Advances In Experimental M&iicme, 340:173-178, 1993. 

15 • aaesonGetal,£Kx:tern J. 290:309-312, 1993 

• TapparelllCetal,7£K7^Ci)en;v 268:4734-4741, 1993 

• Claeson G, In Ttm Des^ afSyntheSkiMiBj^arscfTlmxiAiri, Claeson G et al Eds, Advames 
in Experimental MedkAie, 340:83^1, 1993 

• Phillip et al, in The Design of Synth^c Inhibitors of TJimmbSj, Oaeson G et al Eds, 
20 Advances in Experimental Medldne, 340:67-77, 1993 

• Tapparelli C et al, Trenck Pharmacol. Sd. 14:365-376, 1993 

• Claeson G, Blood Coagulation and Fibrinolysis 5:411-436, 1994 

• Bgendy et al, Tetrahedmn 50:3803-3812, 1994 

• Deadman J et al, J. BtzymelnhnOkm 9:29^1, 1995 

25 • Deadman J et al, J. Medkinal CAem&firy 38:1511-1522, 1995. 

TRI 50b Is considered to be a prodrug ibr TRI 50c, which is the active prindpal bi vivo. The 
tripeptlde sequence of TRI 50c has three chiral centres. The Phe residue is considered to be of (R)- 
configurab'on and the Pro residue of natural (S)-conflguratfon, at least in compounds with 
30 commercially useful inhibitor activity; the Mpg residue is believed to be of (R)-conflguratlon in 
isomers with commercially useful inhibitor activity. Thus, the active, or most acBve, TRI 50c 
stereoisomer is considered to be of R,S,R configuration and may be represented as: 
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(R^,R>-TRI50c Chz-(RKhe^S)-Pro:{R>Mpg-B(0H)2 
Pa7GB03/03897, and afso USSN 10/659;i78 and Hx.A-1396270, disdo^ pharniaceutkaliy 
aareptable base addition salts of boronfc adds which have a neutral aminoboranfc add residue 
capable of binding Id the thrombin SI subsite linked through a peptide linkage to a hydrophobic 
moiety capable of binding to the thrombin S2 and S3 subsltes. m a first embodiment^ there is 
disclosed a phamraceutfcally acceptable base addition salt of a boronlcadd of, for e)cample, fomiula 
(A): 

^OH 

(A) 



Y-CO-NH-jH-EC^ 



wherein 

Y comprises a hydrophobic moiety which, together with the aminoboronicadd residue 
-NHCH(r9>B(OH)2, has affinity for the substrate binding site of thrombin; and 

R9 is a straight chain aikyi group interrupted by one or more ether linkages {e.g. 1 or 2) and In 
which the total number of oxygen and cart»n atoms is 3, 4, 5 or 6 (e.g. 5) or r9 Is -{CH2)m-W 
where m is 2, 3, 4 or 5 (e.g. 4) and W Is -OH or hak>gen (F, a, Br or I). r9 fe an alkoxyalkyl group 
.n one subset of compounds, e.g. alka>cyalkyl containing 4 carbon atoms. Salts of TRI 50c are 
exemplary. 

Also disdosed are oral formulations of sudi salts. 

■me sans are described as being of relative stability to hydrolysis and deboronation. 

PCr/GB03/03887, and also USSN 10/659,179 and EI-A-1396269, disdose sails of a phamiaceutically 
acceptable multivalent (at least divalent) metal and an otganoboronic add drug. Sud, salts are 
described as having an improved level of stability whid, cannot be explained or predlded on the 
basis of known chemisby, and as being indicated to have unexpededly high and consblent oral 
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bioavailability not susceptible of explanation on the basis of known mechanisms. The oral 
fbmiulations of such salts are therefore also disdosed. 

One particular class of salts comprises those wherein the organoboronic acid comprises a 
5 boropeptide or boropeptidomlmetic Such drugs which may beneficially be prepared as salts Include 
without limitation those of the fonnula X-<aa)n-B(0H)2, where X is H or an amino-protecting group, 
n is 2, 3 or 4, (especially 2 or 3) and each aa Is independently a hydrophobic amino add, whether 
natural or unnatural. In one dass of multivalent metal salts, the organoboronic acid is of formula 
(A) above. Salts ofTRI 50c are exemplary. 

10 

PCr/GB03/03883, and also USSN 10/658,971 and EP-A-1400245, dlsdose and daim Altera/^ 
parenteral pharmaceutical, formulations that indude a pharmaceutically acceptable base addition salt 
of a boronic acid of, for example, formula (A) above. Such salts are described as having an 
Improved level of stability which cannot be explained or predicted on the basis of known chemistry. 
15 Salts of 71U 50c are e>ffimplary. 

Oral Dosage Fonns 

Orally administered drugs are often presented as tablets or capsules for swalkjwing. Other dosage 
20 fbmis are known, however. 

Thus an orally administered drug may be presented as reconstitutable fomiulations, in particular in a 
fbmi for reconstltutlon before administration as a liquid and often as drink, for example as an 
efliBrvescent tablet or In partk:ulate fonn (as a powder or granules). It is also known for soluble 

25 drugs to be packaged as a powder or granules for direct dissolution in die mouth; additionally 
known are "fast melt" or dissolving" oral fbmiulations, which dissolve or disintegrate rapidly 
when taken into the mouth. TTie fonnulations described in the preceding sentence may also be 
regarded as reconstitutable fonnulations in tiiat they are reconstituted In tiie mouth, prior to the 
reconstituted formulation reaching tiie stomach. All tiiese reconstitutable formulations avoid tiie 

30 delays associated wltii active ingredients in tablets or capsules reaching the blood, as a result of 
tame taken for tiie tablet/capsule to disintegrate and for its contents to dissolve. Another potenta'al 
benefit of reconstitutable fonnulations relates to active ingredients whose required dosage is too 
high to be incorporated in a single tablet or capsule: the ingestion of multiple tablets or capsules is 
considered undesirable by patients and might create an additional risk of variation in bioavailability, 

35 and the replacement of multiple tablets or capsules wlUi a reconstitutable formulation will avoid , 
tiiese parijcuiarshorimnlngs. 



A common forni of dosage for tiie oral admlnisb^tion of drugs is tiiat of particulate fonnulations 
contained in dispensing containers, e.g. sacheis, pari:iculariy monodose sachets. The contents of the 
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dispensing container are usually (but not always) poured out in, for example, a glass of water or in 
fruit juice or in milk, for drinking by the patient ft is helpful for the particulate formulation to be 
reconstituted into a drink-size volume (e.g. 50-150 ml, by way of non-limiting example) because this 
minimises the amount of active which is at risk of bang lost to the patient, as compared with a 5ml 
5 volume (in which case the patient will lose a considerable proportion of the active if even a small 
volume of the liquid (s not ingested). Additionally, a larger volume of lk]uid pemnits a higher 
proportton of flavourings to be used, In the event that there are flavour problems. 

Hie dispensing container may In prfndple be any container whidi may be opened to release a single 
10 dose or a part of a dose. In many instances, a container will be a single dose or monodose 
container, in which the container contains the correct amount for a single administration of the 
formulation. Alternatively, the formulation may be. presented as a divided dose, in which there is 
provided a unit dosage whfch is possibly smaller than some patients require; in this latter case, the 
patient will take tm or more unit doses in a single admlnisb^tion of the formulation. The 
15 dispensing container may alternatively be a metered dose container. In which a unit of fomiulaUon Is 
m^ered from a reservoir of the foimulation. As an alternative to a sachet> the container may be a 
plastics container, for example. 

Thus, an exanplary unit dosage fonn for particulate formulations, e.g. for reconstitution as a drink, 
20 is the sachet. A sachet Is a pouch formed by folding and / or sealing togetiier the edges of a 
suitable material. As suitable materials may be mentioned thin, flexible sheets of one or more layers 
that can be sealed together with an adhesive, typically a heat scalable adhesive, or that can be 
sealed to each otiier by the application of heat and pressure. Typteal materials that can be sealed 
together by heat and pressure are tiiennoplasBc polymers such as polyetiiylene and polyvinyl 
25 chloride, for example. These polymers may be dear, cotouriess or coloured and can be made 
opaque by the addition of suitable opacifying agenis such as titanium dioxide. Several layers of 
materials can be bonded together to forni laminates with particular properties. For example a 
laminate couM comprise an outer layer of paper (which can easily be printed on), poly^hylene 
(which provides sb^ngth to tiie laminate), aluminium foil (to act as a barrier that is impermeable to 
30 gasses, vapours and liquids) and an inner heat scalable lacquer (to enable the laminate to be sealed 
to itself or to other materials). Sachets may be fomied from a single sheet of laminate or from two 
sheets that may be the same or different, for example coloured and colourless or dear and opaque. 

Sachets may contain solids, powders or liquids that are endosed by the sachet before the sachet is 
35 sealed. In phamnaceuHca! applkations sachets are used to contain powders or granules, typically for 
reconstitution wiUn water or other llquMs. 



wo 2005/084685 



PCT/GB2005/000907 



7 

Partfculate formulations suitable for filling into sachete may contain (but are not required to cxintain) 
e.g. diluents, flow aids, lubricants, buffering agents, granulating agents, disintegrants, solubilising 
agents, viscosity enhancers, sweeteners and flavours, in addition to the active ingredient. 

5 Effervescent tablets are another common oral dosage fonn and contain ingredients that react 
together in the presence of water to produce carbon dicsdde. TTie liberation of carbon dioxide when 
^fervescent tablets are added to water promotes their disintegration and the dissolution or 
dispersion of tiie active ingredients and oUier components. BFfervescent tablets are usually Intended 
to be added to water to produce a solution or dispersnn ibr oral administration. They are usually 
10 much bigger tiian dther tabl^ because tiiey are used for drugs whose dosage is large and tiiey 
often contain relatively large amnints of flatouring agents. 

Ingredients that can react together in water to prtxiuce carbon dioxide include organic adds and 
carbonates. For example citilc add and /or tartaric add can be combined with caldum carbonate 
15 and / or sodium bicarbonate in proportions and quantities that provide tiie required extent and rate 
of carbon dkoSde production. Otiier ingredients may be those commonly used In non-dfervescent 
tablet formulations. 

The effervescent teblet typically consists of at least three components: the active Ingredient; an 
20 add; and an alkali compound (basic ingredient) constituted by a carbonate or a bicarbonate. 

In tills instance, the add and the alkali are the essential components which provide the 
effervescence and the disintegration of the. tablet when it is contacted with water. As acidic 
component clbic add In anhydrous form Is often used, but otiier edible adds like tertaric; fomaric, 

25 adipk: and malic add can be used as well. The carbonate, which represents a source of carbon 
dioxide which generates the effervescence, generally Is a water-rsoiuble alkaline carbonate. Sodium 
bicarbonate is one of the most used carbonates because It is very soluble and of low cost 
Alternatively, modified sodium bkarbonate can be used, obteined by heating common sodium 
bkarbonate In order to convert the surface of Its partides to sodium carbonate so Increasing its 

30 stability. 

Other physiologically accepteble alkaline or alkali eartii metal carbonates may be used, such as 
potassium or caldum (bQcarbonate, sodium carbonate, or sodium glydne carbonate. 

35 Compositions of ^fervescent tablets may also indude a ia\M lubricant;, which may be a water 
soluble compound fonnlng a dear solution. Examples of this kind of lubricant are sodium benzoate, 
sodium acetate, polyetiiylenglycols (PEG) higher tiian 4000, alanine and glydne. 
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Conventional exciprents such as diluents, ligands, buffers, sweeteners, flavours, colours, solubllizers, 
disintegrants, wetting agents and other exdpients of common use may be added to the fomnulation. 
Effervescent tablets are convenient, attractive, easy to use, premeasured dosage forms. These 
advantages, however, are balanced by hygrosoopldty, which usually means that the tablets have to 
5 be manufactured in conditions of low relative humidity and packaged in containers that provide good 
protection against Ihe ingress of water vapour. 

current manufacturers of "fast meltf fbrnnulations, l.e. rapidly disintegrating or dissolving solid dose 
oral fomiulatibns, include Gma Labs, Fiiisz Technologies Ud., Prographarm, R. P. Scherer (now part 
10 of Cardinal Health), and Yamanouchi-Shaldee. All of these manufacturers market different types of 
rapidly dissolving solid oral dosage forms. 

Gma Labs markets OraSolv®, which is an effervescent direct compression tablet having an oral 
dissolution time five to thirty seconds, and DuraSolv®, which is a direct compression tabid: 

15 having a taste-masked active agent and an oral dissolutibn time of 15 to 45 seconds. Qma's U.S. 
Pat. No. 5,607,697, for l^ste Masking Micropartides for Oral Dosage Fonns," describes a solid 
dosage form consisting of coated mlcropartlcles that disintegrate In the mouth. The micropartide 
core has a pharmaceutical agent and one or more sweet-tasting compounds having a negative heat 
of solution selectsd fix)m mannltol, soitltol, a mixture of an artifidal sweetener and menthol, a 

20 mixture of sugar and menthol, and methyl salicylate. The micropartide core is coated, at least 
partially, with a material that retards dissolution in tiie moutii and masks the taste of the 
pharmaceutical agent The micropartides are then compressed to fbrni a tableL Otiier esajplents 
can also be added to tiie tablet fomiulation. 

25 WO 98/46215 fbr "Rapidly Dissolving Robust Dosage Forni," assigned to Gma Labs, is directed to a 
hard, compressed, fast melt fbnmulation having an active Ingredient and a matrix of at least a non- 
dired: compression filler and lubricant A non-direct compresston filler is typically not free-fk)Wing, in 
conbast to a direct compression (DC grade) filler, and usually requires additional processing to form 
fre&flowlng granules. 

30 

Cima also has U.S. patents and international patent applications directed to effervescent dosage 
fbnns (U.S. Pat Nos. 5,503,846, 5,223,264, and 5,178,878) and tableUng aids for rapidly dissolving 
dosage fonns (U.S. Pat Nos. 5,401,513 and 5,219,574), and rapidly dissolving dosage forms for 
water soluble drugs (WO 98/14179 for Taste-Masked Microcapsule Composition and Methods of 
35 Manufadure"). 



FUIsz Technologies marl^ Flash Dose®, which Is a direct compression tablet containing a 
processed exclpient called Shearfbrm®. Shearfbrm® is a cotton candy-like substance of mixed 
polysaccharides converted to amorphous fibers. U.S. patents describing this technotogy indude U.S. 
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Pat No. 5,871,781 for "Apparatus far Making Rapidly DissoMng Dosage Units;" U.S. Pat No. 
5,869,098 for "Fast-Dissolving ComesBble Units Formed Under High-Speed/High-Pressure 
Conditions;" U.S. Pat Nos. 5,866,163, 5,851,553, and 5,622,719, all for "Process and Apparatus for 
Making i^pidiy Dissolving Dosage Units and Product TTierefrom;" U.S. Pat No. 5,567,439 for 
5 "Delivery of COntrolled-Release Systenis;" and U.S. Pat No. 5,587,172 for "Process for Forming 
Quickly Dispersing Comestible Unit and Product nierefrom." 

Prographarm martets Flashtab®, which is a last melt tablet having a disintegrating agent such as 
carbmcymethyl cellukBe, a swelling agent such as a. modified starch, and a taste-masked active 
10 agent The tablets have an oral disintegratkm time of under one minute (U.S. Pat No. 5,464,632). 

R. P. Scherer markets Zydis®, which is a freeze-dried tabl^ having an oral dissolution time of 2 to 5 
seconds. Lyophilized tablets are costly to manulacture and diffH:ult to package because of the 
tablets sensitivtty to moisture and temperature. U.S. Pat No. 4,642,903 (R. P. Scherer Corp.) refers 

15 to a melt dosage timnulatton prepared by dispersing a gas throughout a solution or suspension 
to be freeze-drled. U.S. Pat No. 5,188,825 (R. P. Scherer Corp.) refiers to fieeze-diled dosage fomts 
prepared by bonding or complexing a water^luble active agent to or with an ton ejKhange resin to 
form a substantially water insoluble complex, which is tiien mbaed with an appropriate carrier and 
fleeze dried. U.S. Pat No. 5,631^)23 (R. P. Sdrerer Corp.) refers to freeze-dried drug dosage fomis 

20 made by adding xanthan gum to a suspension of gelatin and active agent U.S. Pat No. 5,827,541 
(R. P. Sdierer Corp.) discloses a process for preparing solid pharmaceutical dosage fonns of 
hydrophobic substances. The process involves freeze-drying a dispersion containing a hydrophobic 
active ingredient and a suri^ctant; in a non-aqueous phase; and a carrier material, in an aqueous 
phase. 

25 

Yamanouchi-Shaklee mari(ets Wowtab®, which is a tablet having a combination of a tow moldability 
and a high moldability saccharide. U.S. Patents covering this technology include U.S. Pat No. 
5,576,014 for "Intrabuccally Dissolving Compressed Moldings and Production Process TTiereof," and 
U.S. Pat No. 5,446,464 for "Intrabuccally Disintegrating Preparation and Productton Thereof." 

30 

Other companies owning rapidly dissolving technology include Janssen PharmaoeuHca. U.S. patents 
assigned to Janssen describe rapidly dissolving tablets having two polypeptide (or gelatin) 
components and a bulking agent, wherein itie two components have a net charge of the same sign, 
and the iirst component is more soluble in aqiieous solution than the second component See U.S. 
35 Pat No. 5,807,576 for "Rapidly Dissolving Tablet;" U.S. Pat No. 5,635,210 for "Method of Making a 
Rapidly Dissolving Tablet;" U.S. Pat No. 5,595,761 for "Particulate Support: Mabtc for Making a 
Rapidly Dissolving Tablet;" U.S. Pat No. 5,587>180 for "Process for Making a Particulate Support: 
Matrix for Making a Rapidly Dissolving Tablet;" and U.S. Pat No. 5,776,491 for "Rapidly Dissolving 
Dosage Form." 
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Eurand America, Inc has U.S. patsnls diretted to a rapidly dissolving effervescent composition 
having a mbdure of sodium bicarbonate, citric add, and ethyicellulose (U.S. Pat Nos. 5,639,475 and 
5,709,886). 

5 

LAB. Pharmaceutical nesearch owns U.S. patents directed to efiiervescent-based rapldl/ dissolving 
Ibrmulatfons having an effervescent couple of an effervescent add and an effervescent base (U.S. 
Pat Nos. 5,807,578 and 5,807,577). 

10 Schering Corporation has technology relating to buccal tabids having an active agent;, an e)«jpient 
(which can be a surfactant) or at least one of sucrxse, lactose, or sorbitol, and either magnesium 
stearate or sodium dodecyl sulfate (U.S. Pat Nos. 5,112,616 and 5,073,374). 

Takeda Chemicals Inc., Ltd. owns technology directed to a method of making a fest dissolving tablet 
15 In which an active agent and a moistened, soluble carbohydrate are compression molded Into a 
tablet; followed by drying of the tabl^. 

In practice, oral and Intravenous presentattons of active ingredients are completely distinct In 
partksjlar, it is desirable in the case of an Intravenous formulatton that any unnecessary exdpients 
20 and components additional to the acQve Ingredient be kept to a minimum. In contrast; oral 
formulations contain additional exdpients. The class and Identity of exdpient will vary with the type 
of oral formulation but they may contain any one or more of tiie following: 

• antimicrobial preservatives, flow aids (glidants), surfactants, flavour agents (in tiie case of 
powders) 

25 • antimicrobial preservatives, flow aids (glklants), surfactants, viscosity enhancers, binders, 
dislntegrants, flavour agents (In tiie case of granules) 

• antimicrobial preservab'ves, tablet lubricants, suriactants, viscosity enhancers, binders, 
dislntegrants, swelling agents (In the case of tabl^) 

• antimicrobial preservatives, tablet lubricants, suriactants, binders, swelling agents, 
30 disintegrating agents, flavour agents Clast melt" formulations). 

The reader is referred to tiie US Phamiaoopeia for more detailed Information as to members of the 
above dasses of e)«jplent 

35 Anotiier characteristic of oral fonnulations Is that they are not required to be, and usually are not, 
Isotonic. In contrast; intravenous formulations are Isotonic and In most cases have pH of between 4 
and 5. 
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Rapid Onset Antrcoagu/ab'on and Stmt Duration AnticoagiriaBon 

It is desirable in some drcumstances to administ^ an anticoagulant which will have a relatively 
short duration of significant activit/ (have rapid ofi^t}. Thus, some anticoagulants will have an 
5 excessively long duration of activity for a particular Indication; one example is that warfarin takes a 
long time to reduce from therapeutic levels of activity and is unsuitable to haemodlaiysis, where a 
short duration anticoagulant is desirable. 

Haemodlaiysis Is used to treat patients In end stage renal failure. An anticoagulant is administered 

10 to tiie patient prior to commencement of dialysis. In order to prevent thrombosis in the 
haemodlaiysis circuit Anticoagulation Is required only for tiie duration of the haemodlaiysis session 
(typically about four hours) and the anticoagulant should desirably have litUe or no effect after the 
patient has left the clinic. For maximum convenience, the anticoagulant should not be one which is 
renally deared because anticoagulation lasts longer when the kidney is impaired either requiring 

15 patient-spedfic dose acQustment of the anticoagulant and/or Increased monitoring of coagulation 
status during the session anci/or r^ntion of the patient within the dinic for longer than the session 
to alkwv coagulation parameters to return to safe levels. Sudi haemodlaiysis ("HI}^ in which the 
patient has periodic haemodlaiysis sessions of limited duration (e.g. four hours) may be described as 
"chronk: Interniittenf haenxxllalysis (QHD), in distinction to acute I4D which can be continuous for 

20 extended periods in patients who are very ill e.g. with acute kklney failure or oUier major irg'ury and 
on Wie support:; obviously oral anticoagulant is not a convenient option for acute patients. QHD is 
an example of intermittent apheresis, in which a patient is intermittently sulifected to apheresis of 
limited duration, as opposed to continuous apheresis. Apheresis is a process whfch Involves ranoval 
of whole blood from a subject (It may be a patient or a donor), components of the blood are 

25 separated, one of the separated portions then withdrawn and the remaining components are 
retransfused into the suljject; tiie withdrawn components may be toxins. 

Qimentiy, anticoagulation In haemodlaiysis is primarily achieved by Irqections ancl/or Infusion of 
heparins (Induding k>w molecular weight heparin). Heparin has a variable response and can easily 

30 be over or undenjosed resulting in bleeding, which is potentially dangerous, or in insufFident 
anticoagulation which causes dotting in the filter ("artiRdal kidney^ so redudng the efficiency of the 
session. Anticoagulation monitoring of the patient is tiierefore desirable. When bleeding occurs, it 
must be treated and when a filter dots it must be flushed or changed. In home haemodlaiysis, the 
complexity and responsibility of self-management or pariner/carer-management of intravenous 

35 anticoagulation Is an additional challenge among the many faced by patients contemplating this 
option.The availability of an oral anticoagulant would reduce this element of complexity. 

Other occasions where short tenn oral anticoagulation would be desirable Indude flight DVT (deep 
vein thrombosis). In the case of aenspiane passengers believed to be at risk of DVT, and in apheresis 
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or elective extracorporeal blood detoxification procedures. An exemplary extracorporeal blood 
detoxification procedure Is liver detoxification, i.e. extracorporeal blood detoxification In the case of 
liver failure. Other disorders in vihidn therapeutic apheresis is performed include autoimmune 
diseases (to remove antibodies); in these cases, patients may have plasmapheresis, in which 
5 removal of plasma (and Its replacement by saline soluQon) will help to reduce cirailating antibodies 
and Immune complexes. Apheresis may additionally be used to remove low density lipoprotein, in 
patients at suffering from or at risk of cardiovascular disease, platelets or leukocytes. Also to be 
mentioned is donation by apheresis. 

10 Right DVT is a rare oonditkin. Nevertheless, for people not requiring oral anticoagulation In the 
normal course of events but who, during a long haul flight might beccme susceptible to DVT, it 
would be desirable to have a rapid onset anticoagulant agent available orally for patients to take at 
the beginning of a flight or shortiy after take-ofT. For kmger flights, a second dose can be taten at a 
fixed time after the first in order to ensure coverage throughout the flight 

15 

JFoT certain elective bkxxl deansing or aphereste pnx^ures, where the patient knows in advance 
that he or ^ Is due to have Mood passed through an esdtacorporeal drcuR^ it may be preferable 
and more convenient for the patient to recdve his or her own anticoagulant orally to cover the 
duration of the procedure and to avoid the complexity and management of the solution 
20 anticoagulata'on nomially required in such procedures. 

mSF SUMMARY OF THE DISCLOSURE 

The present disclosure relates in one aspect to novel oral formulations whidi are capable of 
25 providing a relatively short duratk)n of activity. Vt also relates to novel indications fpr treabnent by 
certain boronk: adds and derivata'ves thereof. 

The disdosure also relates to novel organoboronic adds and their derivatives, Induding those 
described In more detail later In this spedficab'on under the heading "Novel Boronk: Adds". 

30 

The disdosure additionally concerns compounds selected fix)m organoboronic acid thrombin 
inhibitors, their salts, prodrugs and prodrug salts, and in one aspect relates to novel oral dosage 
Ibrms of such thrombin Inhibitors. The disclosure further concerns dosage forms of such thrombin 
inhibitors which dosage fonns are useful for adminisb^tion when relatively rapid onset and/or short 
35 durata'on of activity Is required, e.g. anticoagulant therapy during haemodialysis. The thrombin 
inhibitors may comprise phamnaceutically acceptable base addition salts of boronk: adds as 
desaibed in mora detail below. The boronic adds Indude tiiose having a neubBi tiirombln PI 
domain linked to a hydrophobk: moiety capable of binding to the thrombin S2 and S3 subsites. 
Particular thrombin inhibitors are pharmaceutically acceptable base addition salts of such boronic 
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acids, e.g. those which have a neutral aminoboronic add residue capable of binding to the thrombin 
SI subsite linlced to a hydrophobic mol^ capabie of binding to the thrombin S2 and S3 subsrtes, 
e.g. those of formula (I) below. 

5 The disclosure provides oral dosage fomis of the boronic acid compounds (e.g. salts) desaibed 
herein in a solid phase formulation, the dosage Ibnn being adapted for entry of the active ingredient 
into a liquid vehicle prior to entering the stomadi. Thus, the solid phase fomiulation may be 
adapted for reconstitution Into a solution or, less preferably, a suspension prior to administration; 
aHematively it may be a "fast melt* fomiulation which disintegrates or dissolves rapidly In the 
10 mouth. For a general description of the characteristics of the fbnnulatibn types to which the 
disclosure relates, the reader is referred to the eariier section of this specification under the heading 
"Oral Dosage i=bmis". 

Many solid phase formulations of the disclosure contain an anti-microbial preseivative. Commonly, 
15 sond phase formulations of the disclosure contain a flavour agent (e.g. flavouring, flavour enhancer 
or sweetener). Powders often contain a flow aid or glidant Granules often contain a binder. In 
general but not invariably, the solid phase formulations of the disclosure will cx)ntain both an anti- 
microbial preservative and a flavour agent; usually in uniform distribution; this of course is diflierent 
from a parenteral fomiulation. Powders and granules may contain an organic acid; effervescent 
20 tablets in practice do so. 

The dosage fomi may for example be a sachet or other sealed dispensing container containing a 
parijculate formulation (powder or granules) or it may be an effervescent tablet or a "fest melt" 
formulation. 

25 

Also provided Is the use of a boronic add compound disdosed herein (e.g. salt) for the manufacture 
of a solid phase medicament for combining with a suitable liquid to form a liquid preparation for oral 
ingestion for use in bieating thrombosis. The disdosure Indudes an embodiment In which the liquid 
preparation is a drinkable preparation. A liquid suitable to combine with the solid phase medicament 
30 Is non-toxic and does not seriously debBct fiiom the activity or bioavailability of the drug; in practice, 
the taste of the liquid must not be ejosssively unpalatable. 

One dass of methods of the disdosure comprises a method of preparing an anticoagulant 
preparation, comprising reconstituting, into a liquid proration for oral administration and 
35 preferably a drinkable preparation, a solid phase fbrmulation comprising a boronic acid compound 
disdosed herdn, e.g. a pharmaoeutically acceptable base addition salt of a boronic add which has a 
neutral thrombin PI domain linked to a hydrophobic moiety capable of binding to the thrombin S2 
and S3 subsites. 
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Induded in the disclosure is a method of inhibiting thrombin in the treatment of disease, comprising 
administering peroraily to a subject in need thereof a therapeutically effective amount of a bomnic 
acid compound disclosed herein, e.g. pharmacsub'cally acceptable base addition salt of a boronic 
acid which has a neutral thrombin PI domain linked to a hydrophobic moiety capable of binding to 
5 the thrombin S2 and S3 subsifces, said compound bang put Into solution or suspension from a solid 
phase fbmiulatlbn prior to the salt entering the stomach. In one class cS methods, the compound is 
put into solution or suspension by reoonstitution with a Hquid prior to administration; in another class 
of methods the compound is put Into solutton or suspension in the mouth. 

10 Additionally induded are methods of preventing one of: 

• thrombosis In the haemodlalysbdrcuit of patients having haemodlalysis 

• flight DVT 

• thrombosis in apheresis, e.g. edracorporeal liver detoxification (see above). 

15 The examples of this specification Indicate that the disclosed compounds are, surprisingly, absort)ed 
relatively rapidly from the stomach without damaging levels cS degradation of the active principle 
and that plasma cbncentraSons of the active prindple return to tolerably low levels within about 4 
hours of admlnlsb^tibn. In an experiment Involving the monosodlum salt of TRI 50c; it was found 
that only 14% of the administered dose was accreted as TRI 50c spedes. It will be appreciated that 

20 such short duration of action (rapid ofliset of activity) of acti\^ Is well suited for the prevention of 
thrombosis in intermittent apheresis procedures, and that oral adminisbation is particularly useful in 
the case of elective intermittent apheresis procedures. In one dass of embodiments, the apheresis 
procedure is haemodiaiysis (sblctly QHD); In another, the boronic add is administered In the form 
of a base addition salt and the procedure is not haemodiaiysis. 

25 

The compounds are described in more detail below with particular reference to base addition salts. 
However, the methods are not limited to the disclosed salts but may use any boronic add disclosed 
herein, or any salt (e.g. add addition salt), prodrug or prodrug salt thereof. The methods comprise 
administering to a subfject in need thereof a therapeutically effiedive amount of a compound 

30 selected from boronic adds whidi have a neutral thrombin PI domain linked to a hydrophobic 
moiety capable of binding to the thrombin S2 and S3 subsites and salts, prodrugs and prodrug salts 
thereof. In these metiiods, tine disdosure is not limited as to the route of adminlsb-ation or the 
nature of the fomiulation; for example, in tiiese methods the compound may be administered 
parenteraily, e.g. intravenously or by the more prefened oral route; where oral administration is 

35 chosen, the active compound may be administered in tiie fonn of a tablet or capsule, for example, 
but it may othenvise be administered as a reconstitutable formulation. In one dass of these 
metiiods, the selected compound is not a base addition salt; In anotiier class It Is a base addition 
salt 
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In otfier aspects, the disclosure includes the use of a boronic add compound described herein for 
the manufacture of a medicament for preventing thranbosis in the haemodialysis dncuit of patients 
having haemodialysis, flight DVT or thrombosis in extracorporeal Bver detoxification (per above). 
The medicament may be adapted for oral adminisb^tlon, e.g. a table!;, capsule or reoonshtutable 
5 formulation; alternatively, it may be adapted for parenteral administration. 

file disdosure Indudes products comprising a solid phase formulation containing a boronic add 
compound described herein, the product being adapted for reconslibrtkin of the formulation into a 
drinkable preparation to prevent thrombosis during haemodialysis. 

10 

The disclosure Indudes produds comprising a solid fdiase foimulaUon containing a boronic add 
compound described herein, the produd: being adapted for reoonsb'tutlon of Oie lionnulaHon into a 
drinkable preparation for emergency treabnent of actual or suspected thrombosis e.g. prior to 
proper medkal examination of the patient 

15 

The solid phase formulattons may indude a boronic add of formula (I) betow or a salt or prodrug 
thereof, or a salt of a prodrug. As prodrugs may be mentioned esters, e.g. with a residue of an 
alkanol, e.g. a q-C4 alkanol such as methanol or ethanol, for example. Also to be mentioned are 
cydk: derivatives, m whfch the two available valencies of the boron (oon^ponding to the bonds to 
20 the two -OH groups of Uie ftee add) are bonded to respective ends of a chain of atoms, i.e. the 
boron becomes pari: of a ring. Such cydic derivatives may be represented as below In the case of 
adds of Formula (I), modified mutatis mutandis^ adds of other fonnulae disdosed herein: 

where V and W are heteroatoms (e.g. seleded independently from N, O and S) and the aituate line 
25 represents a linear or branched chain of atoms, the length of the chain between the two bonds from 
the boron is not critical but may be 4, 5 or 6 in some cases. As described, the chain tenninated at 
both ends by the boron (the ring-forming chain) may be linear or branched, e.g., it may have one or 
more side branches; where there are multiple side branches, at least some of them may join 
together to form a ring, as in the case of pinanediol esters, for example. 

30 

Particular cydic derivatives, therefore, are cydIc esters fomied by diols. The Identity of Uie diol is 
not critical. As suitable dtols may be mentioned aliphatic and aromatic compounds having hydroxy 
groups that are substituted on adjacent carbon atoms or on cariion atoms substituted by anotiier 
carbon. That is to say, suitable diols Indude compounds having at least tvra hydroxy groups 
35 separated by at least two connecting cariion atoms in a chain or ring. One dass of diols comprises 
hydrocarbons substituted by exacHy two hydroxy groups. One such diol is pinacol and another is 
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pinanediol; there may also be mentioned neopentylglycol, 1,2-ethanediol, l^-propanediol, 1,3- 
propanediol, 2,3-bijtanedtol, l,2-di(soptopylethanedlol, 5,6-decanedibl and 1,2-dicyclohexyl- 
ethanediol. 

5 TTie prodrug may be a sugar daivative as described In WO 02/059131 and equivalent US 6699835 
(see above). Thus, the boronate group may be esterified writh a sugar such as a monosaccharide or 
a dteaccharfde, for example. Hie sugar may be a reduced sugar, e.g. manittol or sorbitol: it may be 
an indlyrfdual sugar or dass of sugars taught in WO 0^059131. The boronk: add, sugar (or other 
, diol) and water may be combined and tiien lyophilised, tbr example as taught in WO 027059131. 



Salts may be add addition salts or base addition salts. 

A particular class of soluble compounds comprises alkali metal salts, sugar esters and amino sugar 
salts of the disclosed boronic adds. Such soluble derivative are useftil for maldng formulations for 
15 reconstitution as solutions. AnoUier partfcmlar dass comprises the free adds. Also to be mentioned 
are add addition salts. 

The boronic adds with which the disdosure is concemed are tiirombin inhibitors and are, for 
eompte, of formula (I), and their salts, prodrugs and prodrug salts. There is disclosed also a solid 
20 phase phannaceutical formulation for use in preparing a liquid oral preparation, prdierably a 
drinkable preparation, therefrom tiiat indudes a boronic add of, for example, formula (I) or a salt^ 
prodrug or prodrug salt thereof: 



25 Y comprises a moiety whfch, togetiier witii tiie fragment -CH(r9)-B(OH)2, has affinity for the 
substrate binding site of thrombin; and 

r9 is a stiaight chain alkyi group interrupted by one or more etiier linkages (e.g. 1 or 2) and in 
which the total number of oxygen and carbon atoms is 3, 4, 5 or 6 (e.g. 5} or is -(CH2)m~W 
30 where m is 2, 3, 4 or 5 (e.g. 4) and W is -OH or halogen (F, O, Br or I). r9 Is an alkoxyalkyi group 
in one subset of compounds, e.g. alkoxyalkyi containing 4 carbon atoms. 



10 




,0H 



wherein 



In some ^bodiments, Y comprises 

an amino group bonded to shiictural fragment -CH(r9)-B(OH)2, and 
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. a hydrophobic moiet/ which is Med to said amino group and which, tiogelher with said 
structural fi^gment, has affinity for the substrate binding site of thrombin. 

The disclosure includes products comprising adive ingtedients which are base addition salts of 
5 hydrophobic boronic acid inhibitors of thrombin. Such inhibitors may contain hydrophobic amino 
acids, and this dass of amino acids Indudes those whose side chain is hydrocatbyl, hydrocarbyl 
containing an in-chain oxygen and/or linlced to the renrainder of the molecule by an In-chain oxygen 
or hetetoaryl, or any of the aforesaid groups when substituted by hydroxy, halogen or 
trifluoromethyl. i%epresentafive hydrophobic side chains Indude alkyi, alkoxyaikyl, either of the 
10 aforesaid when substituted by at least one aryl or heteroaryl, aryl, heteroaiyl, aryl substituted by at 
least one alkyI and hdsroaiyl substituted by at least one alkyl. Proline and other imino adds whidi 
are ring-subsb'tuted by nothing or by one of the moieties listed in the pre/ious sentence are also 
hydrophobic 

15 Some hydrophobic side chains contain from 1 to 20 carbon atoms, e.g. non-cydic moieties having 1, 
2, 3 or 4 carbon atontK. Side chains comprising a cydic group typically but not neceaariiy contain 
. ftom 5 to 13 ring members and in many cases are phenyl or alkyi substituted by one or iwo phenyls. 

Induded are inhibitors vMh contain hydrophobic non-peptide moieties, which are typkally based on 
20 moieties whkii may fomi a skle chain of a hydrophobic amino add, as described above. 

Hydrophobic compounds may contain, for example, one amino group and/or one add group (e.g. - 
COOH, -B(0H)2). Generally, they do not contain multipie polar groups of any one type. 

25 The disdosure comprises products, methods and uses involving or induding hydrophobic boronic 
add inhibitors of thrombin or their , salts or prodrugs, and therefore Indudes peptide boronic adds 
which have a partition ooeffident between 1-n-odanol and water expressed as log P of greater than 
1.0 at physiological pH and 25oc, and the salts and prodrugs thereof. Some useful peptide boronic 
adds have a parblSon ooeffident of at least 1.5. A dass of useful hydrophobic peptide boronic adds 

30 has a partitton co^cient of no more than 5. 

Some sub-classes of hydrophobic organoboronk: adds are those described by Formulae (II) and (III) 
below, under the heading "Detailed DescrlpHon of Several Examples". 

35 There is a debate in the literature as to whether boronates in aqueous solution form tiie 'trigonal' 
B(0H)2 or tetrahedral' B(0H)3" boron species, but NMR evidence seems to indicate that at a pH 
below the first pKa of the boronic acid the main boron species is the neutral B(0H)2. In the 
duodenum the pH Is likely to be between 6 and 7, so the trigonal spedes is likely to be predominant 
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here. In any evenly the symbol -B(0H)2 includes tetiahedral as well as trigonal boron species, and 
throughout this spedffcatlon symbols indicating trigonal boron species embrace also tetrahedral 
species. Ttie symbol may further include boronic groups In anhydride fonn. 

5 The cximpounds, e.g. salts, may be in the form of solvates, particularly hydrates. 

The base addition salts may comprise, or consist essentially of, acid salts in which the boronic acid is 
singly deprabonated. The disclosure therefore Includes products having a metal/boronate 
stolchiometry consistent with the boronate groups In the |»odud: predominantly (more than 50 mol 
10 %) carrying a single negative charge. 

The salts may have a purity, e.g. as determined by the method of Example 34, of at least about 
90%, e.g. of greater than or equal to about 95%. In the case of pharmaceutical formulations, such 
salt fonns may be combined with pharmaceutically acceptable diluents, exdpients or carriers. 

15 

According to a further aspect of the present disclosure, there Is provided a method of treatment of a 
condition where anb-thrombotic activity Is required which method comprises oral administration by 
drinking of a therapeutically eRective amount of a boronic add compound disdosed herein, e.g. a 
pharmaoeutkally acceptable base addition salt of a boronh: acid of formula (I) to a person suffering 
20 ttom, or at risk of suffering fiom, such a condition. 

TRI 50c base addition salts are obtained via TRI 50c esters. However, published synthetk: routes to 
T9I 50c esters and thus to TRI 50c give rise to one or more Impurities. TTie methods described 
below under tire heading '"High Purity" Synthesis' (unpublished as of the priority date of tiiis 

25 application) for making the salts give rise to one or more impurities and very high purity salts were 
not obtained. Furiiier, the salts have proved most challenging to obtain in high purity. Thus, 
purification techniques which were applied failed to produce very high purity salts. HPLC will not be 
usable on an Indusblal scale to purify salts made via published TRI 50c ester syntiieses and the salt 
preparation tediniques described under tiie heading '"High Purity" Syntiiesis'. In otiier words, in 

30 order for the tiierapeutic benefits of TRI 50c salts to be provided to tiiose in need tiiereof, tiie salts 
must be obtainable indusblally in adequately pure form and tiie pure form must be attainable 
without the use of excessively expensive purifkation techniques. 

Further aspects and embodiments of tiie dlsdosure are described and daimed in tiie following 
35 spedfication. 



The salts described herein Indude products obtainable by (having tiie characteristics of a product 
obtained by) reaction of tiie boronic add witii a strong base and tiie tenn "sar herein Is to be 
understood accordingly. The term "salt" in relatton to tiie disdosed products, tiieiefore, does not 
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necessarily imply tliat the products contain discrete cations and anions and is to be understood as 
embracing products whidi are otAainable using a reaction of a boronic add and a base. The 
disdosure embraces products which, to a greater or lesser extent, are in the ibmi of a coordinab'on 
compound. The disdosure thus provides also products obtainable by (having the characteristics of a 
5 product obtained by) reaction of a disdosed boronic add with a strong base a well as the 
therapeulkv Induding prophylactic use ofsudi products. 

The present disdosure is not linnited as to the method of preparation of the salts, provided that they 
contain a boronate spedes derived from a disdosed boronic add and a counter-ion. Such boronate 

10 spedes may be boronate anions in any equilibrium form thereof. The term "equilibrium fonn" refers 
to differing fbnns of the same compounds which may be represented in an equilibrium equation 
(e.g. boronic add in equilibrium with a boronic anhydride and in equilibrium with different boronate 
ions). Boronates in the solid phase may form anhydrides and the disdosed boronate salts when in 
the solid phase may comprise boronate anhydrides, as a boronic equilibrium spedes. It is not 

15 required that the salts be prepared by reacb'on of a base containing the counter^on and the boronic 
add. Further, the disclosure indudes salt products which might be regarded as indiredly prepared 
by such an add/base reaction as well as salts obtainabie by (having the characteristics of products 
obtained by) sudi indlred: preparation. As examples of possibly indirect preparaiibn may be 
mentioned processes in which, after initial recovery of the salt^ it is purified and/or treated to modiiy 

20 its physicochemical properties, for example to modiiy solid form or hydrate form, or both. 

In some embodiments, the cations of the salts are monovalent. 

In some embodiments the salts comprise anhydride specfes; in others they are essentially free of 
25 anhydride species. 

Further aspects and embodiments of the disdosure are set fortii in the Ibllowing description and 
daims. Also induded as such are the salts described herein. 

30 Throughout the description and daims of tills specification, tiie words ''comprise" and "contain" and 
variations of the words, for example "comprising" and "comprises", mean "induding but not limited 
to", and are not intended to (and do not) ewJude other moiedes, additives, components, integers or 
steps. 

35 This patent application contains data indicating that the stability (resistance to deboronation) of 
organoboronic adds may be increased by providing them in the form of salts, e.g. metal salts. In 
single experiments, the ammonium salt of TRI 50c appeared to decompose on drying to yield 
ammonia, whilst the choline salt demonsbated rapid decomposition to a deboronated impurity. 
Although experiments have not been conducted to reproduce these unrepealed observations, there 
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Is provided a sub-class In which the ammonium and choline salts are excluded. The salt may be an 
add salt In any event, this stabHisatibn technique forms part of the disclosure and is applicable, 
6iter alia, to organoboronic adds described under the heading "BACKGROUND" and to 
organoboronic adds described In publications menHoned under that heading. 

5 

DETAII^ DESCRIPTION OF SEVERAL EXAMPLES 
Glossary 

10 The following tenns and abbreviations are used in this spedflcatton: 

The expression "add sar as applied to a salt of a boronic add refers to salts cS which a single -OH 
group of the bigonally^represented add group -B(0H)2 Is deprotonated. Thus salts wherein the 
boronate group carries a single negative diarge and may be represented as -B(0H)(0-) or as 

15 [-B(0H)3]" are add salts. The expression encompasses salts of a cation having a valency n wrfierein 
the molar ratio of boronic acid to cation is approximately n to 1. In practical terms, tiie observed 
sloichiometry is unlikely to be exactly n:l but will be consistent with a notional n:l stoichiometry. 
Fbr &(ample, the observed mass of tiie cation might vary from tiie calculated mass for a n:l 
stoichiomeby by no more than about 10%, eg. no more than about 7.5%; In some cases an 

20 observed mass of a cation might vary from the calculated mass by no more than about 1%. 
Calculated masses are suitably based on ttie trigonal fbnn of tiie boronate. (At an atomic level, a 
salt stoichibmeblcally consistent witti being an add salt might contain boronates in a mbc of 
protonaUon states, whose average approximates to single deprotonation and such "mixed" salts are 
Induded in the term "acid saHf). Examples of acM salts are monosodlum salts and hemicaldum 

25 salts. 

a-AminoboronIc add or Boro(aa) refers to an amino add In which tiie CO2 group has been replaced 
byBOz. 

30 The term "amino-group protecting moiely" refers to any group used to derivatise an amino group, 
espedally an N-temiinal amino group of a peptide or amino acid. Such groups indude, witiiout 
limitation, alkyi, acyl, alkoxycarbonyl, aminocarbonyl, and sulfonyl moieties. However, tiie temi 
"amino-group protecting moiety" is not intended to be limited to tiiose particular protecting groups 
that are commonly employed in organic syntiiesis, nor is it Intended to be limited to groups tiiat are 

35 readily deavable. 

The expression "dispensing container" refers to a container adapted to dispense a contained 
formulation prior to admlnisbaOon. Thus a capsule, vifhich is not intended to rdease tiie active until 
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after ingestion, is not a dispensing container. As used herein, tlie expressibn rei^ particularly to 
containers wttich serve to dispense particulate formulations whidi are to lie reconstituted into a 
liquid formulation or directly placed in tiie moutli Ibr fast release of the active ingredient A 
dispensing container may comprise a nraulded plasties twdy (whether It contains a single unit of 
5 formulation or Is a metered dose dispenser) or it may tie a sachet^ for example. 

"Drinkable preparation" means a preparation having suitable charaderisHcs to be drunk. Thus the 
quantity Is suitable for drinking (as opposed to a 5ml spoonful which is swallowed, not drunk) and 
may by way of example be from about 50 to about 150 ml; sometimes the quantity exceedsl50ml. 
10 The quality must also be suitable for drinking, thus the preparation must be non-toxic and tolerable 
to drink In terms of taste. 

TTie expression 'monodose fonmulatton" means a fonnulatton containing an active Ingredient in an 
amount corresponding to.the desired dosage at whkdi the ingredient is to be administered. Fior 
15 example, if at any one instance of admlnlsbatlon (e.g. prior to haemodlalysis) an acljve ingredient Is 
to be administered in an amount of 300mg then a monodose fbmiulatlon will contain 300mg of the 
ingredient 

The phrase "phannaceutically acceptable" is employed herein to refer to those compounds, 
20 materials, compositions, and/or dosage fonns whidi are, widiin the scope of sound medical 
judgment, suitable for use in contact with the tissues of human beings or animals without excessive 
toxicity, Irrltatton, allergic response, or other problem or complication, commensurate with a 
reasonable benefil/risk ratio. 

25 The expression "thrombin inhibitor" reiers to a product which, within the scope of sound 
phannacobgical judgement^ is potentially or actually phannaoeutkally useful as an Inhibitor of 
thrombin, and includes reiierence to substance whidi comprises a phannaceutically active species 
and is described, promoted or authorised as a thrombin inhibitor. Such thrombin inhibitors may be 
selective, that Is they are regarded, within the scope of sound phamiacok>gIcal judgement, as 

30 selective towards thrombin In contrast to other proteases; the term "selective thrombin inhibitor" 
Includes refeiBice to substance which comprises a pharmaceutically active specie and is described, 
promoted or authorised as a selective thrombin Inhibitor. 



35 



The temi "heteroaryl" refers to a ring system whldi has at least one (e.g. 1, 2 or 3) in-ring 
heteroatoms and has a corrjugated in-ring double bond system. The temi "heleroatom" includes 
oxygen, sulfiir and nitrogen, of which sulfiir is sometimes less preferred. 
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"Natural amino add" means an L-amino add (or residue thereof) seledsd from the fbOowing group 
of neutral (hydrophobic or polar), positively diarged and negatively diarged amino adds: 




Polar f neutral or undiarged) amino acids 
15 N = Asn = asparagine 

C = Cys = cysteine 

Q = Gin = glutamine 

G = Gly = glydne 

S = Ser = serine 
20 T = Thr = threonine 

Y = Tyr = tyrosine 



Posltivelv charged f basics amino adds 
R B Arg = arginlne 
25 H = His = histidine 

K«<Ly5» lysine 

D = Asp = asparb'cadd 
30 E«Glu = glutamic acid. 



ACN = acetonlblle 
Amino add = a-amino add 

Acid addition salt = a salt which is prepared from addition of an inorganic acid or an organic add to 
35 a free base (e.g. an amino group, as for example an N-tenninal amino group of a peptide). 

Base addition salt = a salt which is prepared from addition of an Inorganic base or an organic base 
to a free acid (in this case the boronic add). 
Cbz = benzyloxycarbonyl 

Cha = cyclohecylalanine (a hydrophobic unnatural amino add) 
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Charged (as applied to drugs or fiagments of drug molecules, e^. amino add residues) « carrying a 
charge at physiological pH, as in the case of an amino, amidino or carboxy group 
Dcha = dicydohexylalanine (a hydrophobic unnatural amino add) 
Dpa = diphenylalanlne (a hydrophobic unnatural amino add) 
5 Drug = a pharmaceuUcally useful substance, whether the active in vivo prindple or a prodrug 
Mpg = 3-meth(»cypropylglydne (a hydrophobic unnatural amino add) 
Multivalent = valency of at least two, for example two or three 

Neutral (as applied to drugs or fiagments of drug molecules, e.g. amino add residues) = uncharged 
= not carrying a charge at physiological pH 
10 i>lnac = Pinacol = 2,3-<iimethyl-2,3-butanediol 

Pinanedio! = 2,3^pinanediol = 2,6,6-trImeaTylblcydo [3.1.1] heptane-2,3^Itoi 

Pipspipecolinicadd 

Room tempaature = 25°C ± 2°C 

Strong base = a base having a sufficiently high pKb to react with a boronic add. Suitably such 
15 bases have a pKb of 7 or more, e.g. 7.5 or more, for example about 8 or more 
THF = tetrahydrofliran 
Thr = thrombin 

Conversion Eactms 

20 

Unless otherwise stated the following conversion factors aro used in this spedficatlon to convert 
between moles and mass in grams and for other similar calculations: 

• the molecular weight of TRI 50c is determined in relation to the trigonal form (molecular 
weight 525.4) 

25 • the rriolecular weight of TRI 50c monosodium salt Is calculated on the basis of the 
monohydrate (C27l^BN307)Na H2P (molecular weight 56539). 

The Compounds 

30 The disclosure relates to boronic adds which have a neutral aminoboronic add residue capable of 
binding to the thrombin SI subsite linked to a hydrophobic molet/ capable of binding to the 
thrombin S2 and S3 subsites. It relates also to prodrugs (e.g. esters) and salts of such acids, 
particularly base addition salts. The disdosure includes adds of formula (I) above and also those of 
a sub-dass represented by the following fbnnula (n): 

(P) 
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wherein 

Y* comprises a hydrophobic molely and VCO- together with fragment -NHCi^R9)-B(OH}2, has 
affinity for the substrate binding site of thrombin; and 

5 

r9 Is a straight chain allcyl group intenupted by one or more dher linkages and in which the total 
number of oxygen and cartxjn atoms is 3, 4, 5 or 6 {e.g. 5) or r9 is -(CH2)m-W where m is from 2, 
3, 4 or 5 (e.g. 4) and W is -OH or halogen (F, Q, Br or I). As samples of straight chain alkyi 
intenupted by one or more ether linkages (-0-) may be mentioned aikoxyalkyi (one interrupthm) 
10 and alkoxyaikaxyaikyl (two interrupb'ons). is an aikoxyalkyl group in one subset of compounds, 
e.g. aikoxyalkyl containing 4 carbon atoms. 

Reverting now to formula (I), typically, Y- comprises an amino acid residue (whether natural or 
unnatural) which binds to the S2 subsite of thrombin, the amino acid residue being N-tenninally 
15 linked to a nroiety which binds the S3 subsite of thrombin. Y- may be of the formula Z^-Z^-CO 
where -Z^-CO- is an amino add residue having affinity for the S2 subsite of thrombin and Z^ is a 
moiety whk:h has affinity for the S3 subsite of thrombin. 

The boronic add may comprise linkages between tJie structural fragment -CH(r9)-B(OH)2 and 
20 moiety Y or linkages and/or a linkage within Y, e.g. the Z^-z^ linkage, which comprises a nitrogen 
atom as -NH- or as -NR^^- where R^^ is a C1-C13 hydrocarbyi group optionally containing in-chain 
and/or in-ring nitrogen, oxygen or sulfur and optionally substituted by a substituent selected from 
halo, e.g. F, or a functional group, for example hydroxy. The hydrocarbyi group may contain from 1 
to 4 carbon atoms; it may be alkyi or otherwise comprise a moiety bonded to said nitrogen atom 
25 which is selected from -CH2- and halogenated variants thereof, espedally fiuorinated variants for 
example -CF2'' 

In one class of Formula GO adds, Y- is an optionally N-terminally protected dipeptide residue which 
binds to the S3 and S2 binding sites of thrombin and the peptide linkages in the acid are optionally 

30 and independently N-substituted by an R^** group. The N-terminal protecting group, when present;, 
may be a group X as defined above (other than hydrogen). In many instances, tiie add contains no 
N-substituted peptide linkages; where there is an N-substituted peptide linkage, the substituent is 
often IC to 6C hydrocarbyi, e.g. saturated hydrocarbyi; the N-substituent comprises a ring in some 
embodiments, e.g. cydoalkyt, and may be cyclopentyf, for example. One dass of adds has an N- 

35 terminal protecting group (e.g. an X group) and unsubstituted pepb'de linkages. 
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Where Y- is a dipeptide residue (whether or not N-terminaliy protected), Uie SJ-binding amino add 
residue may be of (R)-configuratfon antVor the S2-blnding residue may of (S)-configurab'on. The 
fragment -NHCH(r9)HB(0H) may be of (R)-a)nfiguratit>n. The disclosure Is not resMcted to chiral 
cenbies of these conformations, however. 

5 

In one dass of compounds, the side diain of the P3 (SB-binding) amino add and/or the P2 (S2- 
binding) amino add is a moiety other than hydrogen selected from a group of fonnula A or B: 

■{CO)a-(CH2)b-Dc-(CH2)d-E (A) 
10 . -(00)a-(CH2)b-DtrC^(El)(E2)(E3) (B) 

wherein 
a Is 0 or 1; 
elsl; 

15 b and d are Independently 0 or an Integer such that (b+d) is from 0 to 4 or, as the case may be, 
(b+e) is from lb) 4; 
c Is 0 or 1; 
DIsOorS; 

E Is H, Ci-Cs alkyi, or a saturated or unsaturated cyclic group which normally contains up to 14 
20 members and particularly Is a 5-6 membered ring (e.g. phenyl) or an 8-14 membered fused ring 
system (e.g. naphthyl), which alkyl or cydic group is optionally substituted by up to 3 groups (e.g. 1 
group) Independently seledEd from q-Cfe trialkylsllyl, -CN, -r13, -r12or13, .r12cor13, - 
r12c02R13 and -r12o2Cr13, wherein r12 is -{CH2)r and r13 ts -(CH2)gH or by a moiety whose 
non-hydrogen atoms consist of carbon atoms and in-ring heteroatoms and number from 5 to 14 and 
25 which contains a ring system (e.g. an aryl group) and optionally an alkyl and/or alkylene group, 
wherein f and g are each independently from 0 to 10, g particularly being at least 1 (although -OH 
may also be mentioned as a substituent), provided tiiat (f+g) does not exceed 10, more particulariy 
does not exceed 6 and most particulariy Is 1, 2, 3 or 4, and provided that there Is only a single 
substituent If the substituent Is a said moiety containing a ring system, or E is Cj-Cs b-Ialkylsilyl; 
30 and E^, E^ and E^ are each Independentiy selected from -r15 and ->r15 where J is a 5-6 
membered ring and r15 is seledsd from q-Ce trialkylsllyl, -CN, -r13, -r12or13, -r12cor13, - 
r12cX)2R13, .r12o2Cr13, and one or two halogens (e.g. In the latter case to form a -J-r15 moiety 
which is dldilorophenyl), where and r13 are, respectively, an fO^ moiety and an r13 moiety as 
defined above (in some adds where E^ and ^ contain an r13 group, g is 0 or 1); 

35 
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in Which moiety of Formula (A) or (B) any ring Es carbocydic or aromatici or Ijoth, and any one or 



more hydrogen atoms bonded to a carbon atom is optfonaliy replaced by halogen, especially F. 

In certain examples, a is 0. If a is 1, c may be 0. In particular examples, (a+b+c+d) and 
5 (a+b+c+e) are no more than 4 and are more especially 1, 2 or 3. (a+b+c+d) may be 0, 

Exemplary groups for E, E^, and ^ include aromatic rings such as phenyl, naphthyl, pyridyl, 
quinolinyl and fliranyl, for example; non-aromatic unsaturated rings, ibr example cydoho^l; 
saturated rings such as cydohexyl, fbr example. E may be a flised ring system containing both 
10 aromatic and non-aromatic rings, for example fluorenyl. One dass of E, E^, E^ and e3 groups are 
aromatic (including heteroaromatfc) rings, especially S-membered aromatic rings. In some 
compounds, E^ Is H whilst ^ and ^ are not H; in those compounds, examples of E^ and e3 groups 
are phenyl (substituted or unsubsUtuted) and C1-C4 alkyi, e.g. meljiyl. 

15 In one dass of embodiments, E contains a substituent which is q-Cg alkyI, (q-C^ alkyl)cari)onyi, 
carijQxy Cj-C^ alkyI, aryl (induding heteroaryl), especially 5-membered or preferably 6-membered 
aryl (e.g. phenyl or pyridyl), or arylalkyi (e.g. arylmediyl or arylethyl where aryl may be heterocydic 
and B prefierably 6-membered). 

20 In another dass of embodiments, E contains a substituent which is 0R13, wherein can be a 6- 
membered ring, whidi may be aromatic (e.g. phenyl) or is alkyl (e.g. methyl or ethyl) substituted by 
such a 6-membered ring. 

A dass of moieties of fbmnula A or B are those in which E is a 6-membered aromatic ring optionally 
25 substituted, particulariy at the 2i)ositlon or 4-posltlbn, by -r13 or -OR^. 

The disdosure indudes salts in which the P3 and/or P2 side chain comprises a cydic group In which 
1 or 2 hydrogens have been replaced by halogen, e.g. F or O. 



30 Ihe disclosure Indudes a dass of salts in which the side chains of fbmiula (A) or (B) are of the 
ibilowing formulae (i), (10 or (iii), or be variants thereof In which one or both phenyl rings of (IQ or 
the phenyl ring of (iii) are replaced by cydohexyl or cydohexenyl: 
C,H2„CHT, (0 





(ill) 
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Wherein q is from 0 to 5, e.g. Is 0, 1 or 2, and each T is independently hydrogen, 1, 2 or 3 halogens 
(e.g. F or O), -SIMes, -CN, -r13, -or13, -t30Rl3, -c02R13 or -02CR13. In some embodiments of 
stnKhires (0) and (in), T is at the 4-posiOon of the phenyl group(s) and is -r13, -Or13, -cx)r13, - 
5 C02R^3 or -OiCtO^, and r13 is Ci-Cio allcyl and more parti culariy C^-Cs alkyi- In one sub-dass, T 
is -R^ or -0R13, for ©ample in whWi f and g are each independentiy 0, 1, 2 or 3; In some side 
chains groups of this sulHdass, T is -r12or13 and r13 Is H. 

In one class of the moieties, the side chain is of formula (i) and each T is independentiy r13 or 
10 or13 and R^3 jg ^ji^i in some of these compounds, R^ is brandied alkyI and in others it is 
straight chain. In some moieties, the number of carbon atoms is from 1 to 4. 

In many Y- groups which are dipepb'de fragments (which dIpepUdes may be N-terminally protected 
or not), the P3 amino add has a side chain of formula (A) or (B) as described above and the P2 
15 residue Is of an imino add. 

The disdosure therefore includes medicaments comprising salts, e.g. metal salts, of organoboronic 
acids which are thrombin inhibitors, particularly selet^e thrombin inhibitors, having a neutral PI 
(Sl-binding) moiety. For more Informabon about moieties which bind to the S3, S2 and SI sits of 

20 thrombin, see for example Tapparelli C et ai. Trends Pharmacol. Sd. 14: 366-376, 1993; Sanderson 
P et ai, QjiT&it Medidnal Oemistiy, 5: 289-304, 1998; Rewlnkel 3 et al, Qjirent /Viarmaceutka/ 
De^n, 5:1043-1075, 1999; and Oobum C Bqj. OfOn. Ther. Patents 11(5): 721-738, 2001. The 
thrombin Inhibitory salts of the disdosure are not limited to those having S3, S2 and SI affinity 
groups described In the publkations listed in the preceding senterioe. AHsmatlvely to bdng 

25 presented as a saltv ttie organoboronic adds may be presented as the Iree add or a prodrug (e.g. 
ester). 

The boranic acids may have a Ki for thrombin of about 100 nM or less, e.g. about 20 nM or less. 
30 A subset of the Formula (I) adds comprises the adds of Formula (DI): 

^OH 

X-aai-aa^-NH-CH-BC;' (HI) 
I ^OH 
R9 

X is a moiety bonded to the NMsnninal amino group and may be H to form NH2. The klenbty of X Is 
not aHilcai but may be a pari:icular X moiety described above. In one example there may be 
mentioned benzyloxycarbonyl. 
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In certain examples X is R6-(CH2)p-C(0>, R6-(CH2)p-S(0)2-, R6-(CH2)p-NH-CCO)- or R6-(CH2)p-0- 
qO)- wherein p Is 0, 1, 2, 3, 4, 5 or 6 (of which 0, 1 and 2 are preferred) and R^ is H or a 5 to 13- 
membered cyclic group optionally sulistituted by one or more (e.g. 1, 2, 3, 4 or 5) halogens (e.g. F), 
5 for example at least at the 4-posltion, and/or tiy 1, 2 or 3 subsHtuents selected from amino, nitro, 
hydroxy, a C5-C6 cyclic: group, C1-C4 alkyi and C1-C4 alky! containing, and/or linked to the 5 to 13- 
membered cydic group through, an In-chain O, the aforesaid alky! groups optionally being 
substituted by a substituent selected fix)m hatogen, amino, nitro, hydroxy and a C5-C5 cydic group. 

More partfculariy X is R^CH2)p-C(0> or R&<CH2)p-0-CC0> and p Is 0, 1 or 2 in these moiehes, r6 
10 may be phenyl or fluorophenyi. Said 5 to 13-membered cydic group is often aromatic or 
heteroaromatic;, for example is a 6-membered aromatic or heteroaromatk: group. In many cases, 
Uie group is not substituted. 

Exemplary X groups are (2-pyrazine) carbonyi, (2-pyrazine) sulfbnyl and partfcnilariy 
15 benzyloxycarbonyl or benzylmethylcarbonyl. 

aal Is an amino acid residue having a hydrocaityl side chain containing no more than 20 carbon 
atoms (e.g. up to 15 and optionally up to 13 C atoms) and comprising at least one cydic group 
having up to 13 carbon atoms. In certain examples, the cydic group(5) of aa^ have/has 5 or 6 ring 
20 members. For instance, the cyclic group(s) of aa^ may be aryl groups, particularly phenyl. Typically, 
there are one or two cydic groups in the aa^ side chain. Certain side chains comprfee, or consist of, 
methyl substituted by one or two 5- or 6- monbered rings. 

I^ore particularly, aa^ is Phe, Dpa or a wholly or partially hydrogenated analogue thereof. The 
25 wholly hydrogenated analogues are Cha and I3cha. 

aa^ is an imino add residue having from 4 to 6 ring members. Alternatively, aa^ is Gly N- 
substituted by a C3-C13 hydrocarbyl group, e.g. a C^Cq hydrocari>yl group comprising a C3-C^ 
hydrocarbyl ring; the hydrocarbyl group may be saturated, for example exemplary N-substituents 
30 are cydopropyl, cydobutyl, cydopenlyl and cyclohoeyl. As a hydrocarbyl group containing one or 
more unsaturated bonds may be mentioned phenyl and meth^ or ethyl substituted by phenyl, e.g. 
2-phenylethyl, as well as p,p -diatkylphenylethyl. 

As anotha- alternative, aa^ is the p-amino add analogue of Gly (i.e. H2N-CH2-CH2-CX}0H) N- 
35 substituted by a C3-C13 hydrocarbyl group, e.g. a C^-Cq hydrocarbyl group comprising a C3-c:5 
hydrocarbyl ring; the hydrocart)yl group may be saturated, for example exiemplary N-substituents 
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are cydopropyl, cydobutyl, cydopentyl and cydohexyl. As a hydrocarbyl group containing one or 
more unsaturated bonds may be mentioned phenyl and mdiiyl or ethyl substituted by phenyl, e.g. 
2-phenylethyl, as well as -dialkylphenylethyl. 

The disclosure Includes a dass of compounds in which aa^ Is a residue of a p-amino add having a 4 
to 6 membered carbocydic ring which optionaily has one carbon atom replaced by a sulfur and of 
which the ring-fonning carbon atoms indude the cartion atoms a- and p- to the carboxyl group (i.e. 
the p-amino add comprises a 4 to 6 membered cartocydic ring which is 1-subsfa'tuted by caroboxyl 
and 2-substituted by amino and which may at one other position contain an S atom. 

An exemplary class of products comprises those in which aa^ is a residue of an Imino add of formula 
(IV) 

HjC^ ^CH-COOH (IV) 
N 

]■ 

H 

where R^l Is -CH^-, -CH2-CH2"' -CH2=CH2-f -S-CH2- or -CH2-CH2'CHr» 9f°"P wl^^ ^ 
ring Is 5 or 6-membered is optionally substituted at one or more -CH2' groups by from 1 to 3 C1-C3 
alkyi groups, for example to fbnn the R^l group -S-C(CH3)2-. Of these imino acids, azetldine-2- 
carboxylic add, especially (s)-a^dine-2-carboxylic add, and more particularly proline are 
lllustFative. 



20 Also to be mentioned as aa^ are p-amino adds of fbmiula OOCVI): 

R" 




CXXVI) 



OH 

wherein R^l is as previously defined. 



In embodiments, aa^ is a residue of an N-substituted imino add or p-amino acid. 

25 

It will be appredated fiiom the above that a very pr^n^ dass of products consists of those in 
which aa^aa^ is Phe-Pro. In another preferred dass, aa^-aa^ is Dpa-Pro. In other products, aa^- 
aa2 Is Cha-Pro or Dcha-Pro. Of course, also Induded are corresponding product classes In which Pro 
is replaced by (s)-az^ine-2-carboxylic add. 
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r9 is as defined prevfously and may be a moiety r1 of the Ibmiula -(CHzfe-Z- Integer s Is 2, 3 or 4 
and W Is -OH, -OMe, -OEt or halogen (F, a, I or, preferably, Br). Particularly illustrative Z groups 
are -OMe and -OEIv especially -OMe. In certain examples s is 3 Ibr all Z groups and, indeed, for all 
5 compounds of the disclosure, i^attfcular groups are 2-bromoethyl, 2<hloroethyl, 2-methQxyethyl, 
4-bromobutyl, 4<hlorobutyl, 4-methQxybutyl and, espedaliy, 3-bromopropyl, 3-chloropropyl and 3- 
mrthoxypropyl. Most prelerably, r1 is 3-meHKOcypropyl. 2-Ethoxyethyl is another preferred r1 
group. 

10 Accordingly, a specific dass of adds are those of tJie formula X-Phe-Pro-Mpg-B{0ri)2, espedaliy Cbz- 
Phe-Pro-Mpg:6(OH)2; also induded. are analogues of these compounds in whidi Mpg Is replaced by 
a residue with another of the r1 groups and/or Phe ts replaced by Dpa or another aal residue. Also 
included are compounds In which Cbz is replaced by benzylmelhylcaitonyl (Ph-Et-CO-). 




(R^,R>TFa50c Cbz-{R>Phe-(S>Pro-{R>Mpg-B(0H)2 
15 The aal moiety of the acid is preferably of R oonfiguraHon. The aa^ moiety Is preferably of (S)- 
configuration. Particularly preferred campounds have aa^ of (R)-configuration and aa^ of (S)- 
conflguration. The chlral centre -NH-ai(Rl)-B- is preferably of (R)-configuration. It is considered 
that commetdal fomiulations will have the chiral centres in (R,S,R) arrangement^ as for example in 
the case of salts of Cbz-Phe-Pro-BoroMpg-OH: 

20 

In pinned embodiments, the various aspects of the disclosure relate to pharmaoeutically 
acceptable base addition salts of the described acids. 

The disclosure indudes base addition salts of Cbz-(R)-Phe-(S)-Pro-{R)-boroMpg-OH (and of other 
25 compounds of the fonmuia X-(R)-Phe-(S)-Pro-(R)-boroMpg-OH) whidi are at least 90% pure, e.g. at 
least 95% pure. 
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In broad terms, the base additibn salts described herein may be considered to correspond to 
reacHon products of an organoboronic add as described above with a strong base, e.g. a basic 
metal cwnpound; the salts are however not limited to products resulting from such a reaction and 
may be obtained by aHemative routes. 

5 

The base addition salts are thereibre obtainable by contacting a boronlc add disdosed herein with a 
Strang base. The disdosure thus contemplates produds (oomposihons of matter) having the 
charadBristics of a reaction produd: of an add of ibnnula (I) and a strong base. TTie base is 
phaimaceuUcally acceptable. 

10 

As suitable salts may be mentioned saHs of metals, e.g. of monovalent or divalent metals, and 
stronger organic bases, for example: 

1. Alkali metal salts; 

15 

2. Divalent^ e.g. alkaline earth metal, salts; 

3. Group m metals; 

20 4. Salts of strongly bask: organic nitrogen-containing compounds, induding: 
4A. Salts of guanidines and their anatogues; 

4B. Salts of strongly basic amine, examples of which indude (i) aminosugars and (IQ other 
25 amines. 

Of the above salts, particularly illusbative are alkali metals, espedaliy Na and Lf. Also illustFative are 
aminosugars. 

30 Spedfk: salts are of the add boronate though in practice the acid salts may contain a very small 
proportion of the doubly deprotonated boronate. The temi ''acid boronate" refers to trigonal 
-B(0H)2 groups in which one of the B-OH groups is deprotonated as well as to conesponding 
tetrahedral groups in equilibrium therewith. Arid boronates have a stofchiometry consistent with 
single deprotonation. 

35 

The disdosure indudes thereibre products (compositions of matter) which comprise salts which may 
be represented by formula (V): 
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X-aai-aa2-WH-<p4-BQ Y"+ (V) 



where Is a pharntaceub'call/ acceptable cation obtainable from a strong base, and aa^ aa^ X 
and are as deRned above. Mso included are products in which R^ Is replaced by another R^ 

group. 

5 

One class of salts have a solubifrty of about 10 mM or more, e.g. of at least about 20mM, when thdr 
soluMlty is detemilned as described In the examples at a dissoluiion of 25mg/mi. More partiailarly 
yet they have a solubHity of least SOmM when thdr sdubilit/ is detenmined as described in tiie 
examples at a dissolution of 50mg/ml. 

10 

The disclosure Includes salts of boronic adds (I) having an observed stolchiom^ consisbent with 
the salt being of (being representable by) the formula "(boronale-)n caaon"+'. One class of such 
salts are represented by the formula: 

[Cbz-(R)-PheKS)-Pro-{R)-Mpg-B(OHXO-)]M+ 

15 where M+ represents a monovalent catton, espedally an alkali metal cation. It will be understood 
that the above r^resentab'on is a notional representation of a product whose observed 
stoichiom*y is unlileely to be literally and exactly 1:1. In any events a parHcular salt is Cbz-(R)-Phe- 
(S)-Pro-(R>-Mpg-B(OH)2 monosodium salt fTGN 255). In the above formula, the trigonaliy- 
represented boronate represents, as alvrays, borbnates which are trigonal, tetrahedral or mbced 

20 trigonal/tetrahedral. 

Parb'culariy exemplary are products which comprise: 

(I) species setedEd from (a) adds of fonnula (Vni): X-(R)-Phe-<S)-Pro-(R)-Mpg-B(OH)2 where 
X Is H or an amino-protedlng group, espedally Cbz, (b) boronate anions thereof, and (c) any 

25 equilibrium fbnn of the aforegoing (e.g. an anhydrMe); and 

(II) tons having a valency n In combination wlUi said spedes, tiie spedes and said ions having 
an observed stolchiomeby consistent wltii a notional spedes:ion stolchlometry of n:l. In onedass 
of salts, nisi. 



30 



Considering the oountei^ions in tum: 
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Suitable alkali metals include lithium, sodium and potassium. All of these are remarlcably soluble. 
Lithium and sodium are illustrative because oF their high soiubilit/. Hie IHhium and particularly 
sodium salts are of surprisingly high solubility in relation to potassium amongst others. Sodium is 
5 most used in many instances. Salts containing mbctures of alloli metals are contemplated by the 
disclosure. 

The disclosure includes products comprising salts of the fbnnula (VI) 




M+ CVD 



10 where 1^^ is an ailoli metal ion and aa^ aa^ X and are as defined above, as well as salts in which 
both hydroxy groups of the boronate group are in salt form (pr^erably with another identical M* 
group) and mixtures of such salts. Included also are products wherein R^ is replaced by another R^ 
group. 

One example of a divalent metal Is caldum. Another suitable divalent m^l Is magnesium. Also 
contemplated is zinc. The divalent metals are usually used in a boronic acid:metal ratio of 
substantially 2:1, in order to achieve the prefen^ monovalent boronate moiety. Salts containing 
20 mixtures of divalent metals, e.g. mixtures of alkaline earth metals, are also contemplated. 

Ftirther disclosed are products (compositions of matiier} which comprise salts which may be 
represented by the fbnnula (VII): 



M2+ (vn) 



25 where 1^12+ is a divalent metal cation, e.g. an alkaline eartii metal or zinc cation, and aa^, aa^, X 
and r9 are as deflned abov^ as well as salts In which botii hydroxy groups of tiie boronate group 
are deprotonated and mixtures of such salts. As previously indicated, the boronate may comprise a 
tebrahedral species. 
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Suitable Group III metals tndude aluminium and gallium. Salts containing mixtures of Group m 
5 metals are also contemplated. 

The disclosure includes products comprising salts of the formula (Vm): 




(Vffl) 



where M^'i' is a Group ffl m^l Ion and aa^ aa^, X and are as defined above, as well as salts in 
10 which both hydroxy groups of the boronate group are In salt form and mixtures of such salts. As 
previously indicated, the boronate may comprise a tetrahedral species. 

1 Strongly baste organic nitrogen-containing compounds 

15 The disclosure includes products obtainable by (having the characteristics of a product obtained by) 
reaction of a peptide boronic acid as defined above and a strong organic base. Two illustrative 
classes of organic base are described in sections 4A and 4B below. Particularly prefened are add 
salts (in whidi one of the tiwo boronic -OH groups Is deprotonated). Most commonly, the salts 
contain a single lype of organic counter-ion (disregarding trace contaminants) but the disdosure 

20 contemplates salts osntaining mixtures of organic counter-ions; in one sub-dass, tiie different 
counter-ions all fall within the section 4A family desaibed below or, as the case may be, in the 
section 2B family below; in another subdass, the salts comprise a mixture of organic counter-ions 
which are not all irom the same family (4A or 4B). 

25 Suitable oiiganic bases indude those virith a pKb of 7 or more, e.g. 7.5 or morei, for example in the 
region of 8 or more. Bases which are less lipophilic [e.g. have at least one polar functional group 
(e.g. 1, 2 or 3 such groups) for example hydroxy] are favoured; thus aminosugars are one favoured 
dassof base. 

30 4A. Gimidines aixl the6- afa/ogues 

The guanidino compound (guanidlne) may in prindple be any soluble and phannaceutically 
acceptable compound having a guanidino or a substituted guanidino group, or a subsiiixited or 
unsubstftuted guanidine analogue Suitable subsb'tuents include aiyl (e.g. phenyO, allcyl or alkyi 
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Interrupted bf an ether or thloether linkage and. In any events typically contain from 1 to 6 and 
especially 1, 2, 3, or 4 carbon atoms, as in the case of methyl or ethyl. The guanidino group may 
have 1, 2, 3 or 4 substituent groups but more usually has 1 or 2 substituent groups, for instance on 
a temninal nitrogen. One class of guanidines is monoalicylated; another class is dialkylated. As 
5 guanidine analogues may be mentioned thioguanidines and 2-^mino pyiidines. Cbmpounds haWng 
unsubstituted guanidino groups, for example guanidine and arglnine, form one particular dass. 

Salts containing mixtures of guanidines are contemplated by the disclosure. 

10 A particular guanidino compound is L^rginine or an L-arginine analogue, for example D-arginlne, or 
the D- or, preferably, L- Isomers of homoarginine or agmab'ne [(4-aminobutyl) guanidine]. Ijbss 
preferred arglnine analogues are NG-nitro-L-aiginine methyl ester, ibr example, and constrained 
guanidine analogues, particularly 2-amino pyrtmidines, fbr example 2,6-quinazolinediamines such as 
5,6,7,&-tetFahydro-2,6-quinazolinedlamine, ibr example. The guanidino compound may also be a 

15 peptide, for example a dipepUde, containing arglnine; one such dipepb'de is L-tyrosyl-L-arginine. 

Some particular guanidino compounds are compounds of formula QJTS): 



where n Is from 1 to 6 and for example at least 2, e.g. 3 or more, and in many instances no more 
than 5. Most particularly, n is 3, 4 or 5. is H or carboxyiate or derivatlsed carboxylate, for 
20 sample to form an ester (e.g. a Q-Q alkyl ester) or amide. Is H, Q-Q allcyl or a residue of a 
natural or unnatural amino add (e.g. tyrosine). The compounds of fomiula (IV) are usually of L- 
configuration. The compounds of formula (IV) are arglnine (n=3; R^=carboxyI; R^=H) and arglnine 
derivatives or analogues. 

25 Tlie disdosure indudes products comprising salts of the formula (IX) 



where sa\ aa\ X and 9} are as defined previously and is the protonated form of a 
phannfiaceuUcally acceptable organic compound comprising a guanidino group or an analogue 
thereof, as well as salts in which both hydroxy groups of the boronate group are in salt form 




X-aai-aaHlH-CH-B' 




G+ OX) 
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(prdierabty with another identical & group) and mixtures of such saits. Also included are products 
wherein is replaced by another r9 group. 

The disclosure includes products obtainable by (having the characteristics of a product obtained by) 
reaction of a peptide boronic acid as defined above and a sbong organic base which is an amine. 
The amine may In prindple be any soluble and phanfnaceudcally acceptable amine. 

a is envisaged that a desirable dass of amine Includes those having polar functional groups In 
addition to a single amine group, as such compounds will be more hydrophllic and thus nnore soluble 
than oijiers. In certain salts, the or each additional functional group is hydroxy. Some amines have 
1, 2, 3, 4, 5 or 6 additional funch'onal groups, espedaily hydroxy groups. In one illustrative class of 
amines the ratio of (amino plus hydroxy graups):carbon atoms is from 1:2 to 1:1, the latter ratio 
being particularly preferred. These amines with one or more additional polar functional groups may 
be a hydrocarbon, especially an alkane, substituted by the amino, group and the additional polar 
group(s). The amino group may be substituted or unsubsUtuted and, excluding amino substituents, 
the polar base may contain, for example, up to 10 carbon atoms; usually there are no less than 
three such carbon atoms, e.g. 4, 5 or 6. Aminosugars are included In this category of polar bases. 

The disclosure includes products comprising salts of the Ibrmula 00 



where aa^ aa^ X and R^ are as defined previously and is the pratonated form of a 
pharmaceutlcally acceptable amine, as well as salts in which both hydroxy groups of the boronate 
group are In salt fbmi (preferably with anqther identical A^ group) and mixtures of such salts. In 
one dass of such products, A^ is the protonated form of an amine described in section 2B(i) below; 
In another dass A^ is the protonated fonn of an amine described in 2B(iO below. Also Included are 
products in which r1 is replaced by another R^ group. 

Two illustrative classes of amine base are described in sections 4B(i) and 4B(ii) below. Particularly 
preferred are acid salts (In which one of the two boronic -OH groups is deprotonated). Most 
commonly, the salts contain a single type of amine counter-Ion (disregarding trace contaminants) 
but the disclosure contemplates salts containing mixtures of amine counter-ions; in one sub-class, 
the diflerent counter-ions all fall within the sub-section 4B(i) family described below or, as the case 
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may be, in the sub-secHon 4B(Ii) famfly below; in anotiier subclass, tiie salts comprise a mixture of 
organic counter-ions which are noi: all from the same femily (4B(i) or 4B(iO). 

4B(i} Aitiinosugars 

The identity of the aminosugar is not criticai. Preferred aminosugars include ring-opened 
sugars, especially glucamlnes. Cydic aminosugars are also em^ged as useful. One dass 
of the aminosugars is iHinsubstitufed and another, preferred, dass is N-substituted by one 
or two N-subsUtuenfcs (e.g. one). Suitable substituents are hydrocarbyl groups, Ibr example 



and without limitation containing from 1 to 12 carbon atoms; the substituents may comprise 
alkyi or aryl moieiaes or both. Exemplary substituents are Q, C2, C3, C4, C5, Cs, C? and Q 
alkyi groups, in particular methyl and etiiyi, of which methyl is illustrative. Data indicate 
that aminosugars, especially N-m^yHD-glucamine, are of surprisingly high solubility. 
A most preferred aminosugar is N-methyl-I>glucamine: 

4B(ii)0i]ier amines 

Other suitable amines indude amino adds (whether naturally occurring or not) whose side 
chain is substituted by an amino group, especially lysine. 

Some amines are compounds of formula (XI): 



where n, and R' are as defined in relatton to fonmula (IV). The compounds of formula 
(VI) are usually of L-conflguratlbn. The compounds of fbnnuia (VI) are lysine (n=4; 
R^carboxyl; R^=H) and lysine derivatives or analogues. A most preferred amine is L-lysine. 

Other suitable amines are nitrogen-containing heterocydes. At least usually, such 
heterocydic compounds are alicydic; one class of the heterocyclic compounds is N- 
substituted and another, preferred, class is N-unsubstituted. The heterocydes may contain 
6 ring-forming atoms, as in the cases of piperidlne, plperazlne and morpholine. One class of 
amines indudes N-containing heterocydes substituted by polar substituents, especially 
hydroxy, e.g. 1, 2 or 3 times. 




OH 



OH 
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The disdosure therefore Includes amines other than aminosugars which have one or more 
(e.g. 1, 2, 3, 4, 5 or 6) polar substituents, espedally hydroxy. In addition to one amine 
group. Such compounds may have a ratio of (amino plus hydroxy groups):carbon atoms of 
1:2 to 1:1, the latter rab'o ijeing particularly preferred. 

5 

The disclosure includes mlxsd salts, i.e. salts containing a mixture of boropeptJde moires and/or 
counterions but single salts are prefierred. 

The salts In solid form may contain a solvent, e.g. water. There are included a dass of products in 
10 which the salts are essentially anhydrous. Also induded is a dass in which the salts are hydrates. 

Noyet BomnicAdds 

The disdosure provides novel boronic adds and derivatives thereof, useful in the treatment^ e.g. 
15 prevention, of thrombosis. The novd adds include those of the formula (lA): 




wherein 

Y comprises a moiety which, together with the fragment -CH(r9)-B(OH)2, has affinity for the 
20 substrate binding site of thrombin and which Indudes a thrombin P2 domain which comprises a 
residue of a p-iimino add; and 

r9 is a straight diain alkyi group Interrupted by one or more ether linkages {e.g. 1 or 2) and in 
whidi the total number of oxygen and carbon atoms is 3, 4, 5 or 6 (e.g. 5) or r9 is -(CH2)m-W 
25 where m is 2, 3, 4 or 5 (e.g. 4) and W Is -OH or halogen (F, O, Br or I). R^ is an alkoxyalkyl group 
in one subset of compounds, e.g. alkoxyalkyl containing 4 carbon atoms. 

The p-amino add has affinity for the S2 suteite of thrombin and may be a p-amino add or a p-lmino 
add. 

30 

The p-amino add may be the p-amino add analogue of Gly (i.e. H2N-CH2<>{2-COOH) N-substituted 
by a C3-C13 hydrocarbyl group, e,g. a Cj-Cg hydrocarbyl group comprising a C3-C6 hydrocarbyl 
ring; the hydrocarbyl group may be saturated, for example esemplary N-substituents are 
cydopropyt, cydobutyl, cydopentyi and cydohexyl. As a hydrocarbyl group containing one or more 
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unsaturated bonds may be maitloned phenyl and methyl or ethyl substituted by phenyl, e.g. 2- 
phenylethyl, as well as p,p -dialkylphenylethyl. 

The disclosure indudes a class of compounds in which the p-amino add is a residue of a p-amino 
5 add having a 4 to 6 membered caitocydic ring whfch optionally has one carbon atom replaced by a 
sulfur and of which the ring-foiming carbon atoms indude the carbon atoms a- and p- to the 
carboxyl group (i.e. the p-amino add comprises a 4 to 6 membered cartxicydic ring which is 1- 
substituted by carboxyl and 2-substltuted by amino and which may at one other position contain an 
Satom). 

10 

Also to be mentioned as the p-amino add are p-amino adds of formula (XXVI): 
R" 

(XXW) 



wherein R^^ Is as previously defined. 

15 In embodiments, the p-amino add is a residue of an N-substrtuted imino add or N-substituted p- 
amlno add. 

Induded in the disdosure are adds of fbnnula (11) above in which aa^ is a p-amino add as disclosed 
herein. 

20 

"The novel acids may be in the form of the acid, a salt, a prodrug or a salt of a prodrug, as disclosed 
herein in relation to the formulations. They may be an ester, a base addition salt or an acid addition 
salt, for example. The ester may be of a diol whidi has previously been mentioned, e.g. pinacol, 
pinanediol or a sugar, e.g. mannifcol or sorbitol. 

25 

The adds and their derivatives may be presented as phannaceutlQl formulation, either alone or in 
combination with a phatmaceutically acceptable dilueniv exdpient or camier. The disdosure is not 
resblded as to the type of formulation, it may bie for oral administration, e.g. as a tablet,, capsule, 
granules or powder. The fonnulation may be a reconstitutable formulation as described herein but it 
30 does not need to be. Tablets or capsules may be enterically coated or not 

As parenteral formulations may be mentioned IntiBvenous fonnulations (e.g. isotonic solutions) or 
powders/granules for reconstituHon as a liquid intavenous formulation. Parenteral fonnulations may 
comprise finely divided powder, e.g. fiteze dried powder, optionally induding a suitable exdpient, 
35 e.g. isotonic agent 
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The compounds may be administered to Inhibit thrombin in the treatment of disease, e.g. for an 
indication desaibed in thte spedflcation or any other indication for which thrombin inhibition is 
beneno'al. 

5 Other structural and functional characteristics of embodiments of the new compounds are as 
described herein in relation to the compounds used in the formulations, methods and uses disclosed 
herein. 

The novel compounds provide a choke. It Is contemplated thatv at least in embodiments, tiie 
10 compounds will, at least in broad tenms, maintain or improve potency or spedfldty, or both as 
compared with TRI 50a 

At least in embodiments, the compounds may maintain or enhance bloavailabiiily. Other propertiles 
of novel compounds which may lend them phamiaceub'cai usefulness may include storage stability 
15 or ease of fomiulation, for example. 

The synthesis of 2-amino<ycloalkylcariboxylic adds is described in WO 98/03540. 

Synthetk: Methods and Their ProduOs 

20 

The synthesis of boropeptides, induding, for e>ampie, Cbz-D-Phe-Pro-BoroMpg-OPinacol is lamiliar 
to those sidlled in the art and desaibed in the prior art mentioned above, induding aaeson et ai (US 
25 5574014 and others) and Kaldrar et al (WO 9^07869 and liamily members induding US 5648338). 
It is described also by Elgendy et al Adv. Bqj. Med. Biol. (USA) 340:173-178, 1993; Claeson,G. et al 
BlodiemJ. 290:309-312, 1993; Deadman et al J. Bizyme Inhibitton 9:29-tl, 1995, and by Deadman 
et al J. Med. Chem. 38:1511-1522, 1995. 

30 Stereoselective synthesis with S or R configuration at the chiral &^3e^ninal carton may be conducted 
using established methodology (Elgendy et al Tebahedmn. Lett 33:4209-4212, 1992; WO 92/07869 
and family members induding US 5648338) using (+) or (— )- pinanediol as the chiral director 
(l^atteson et al J. Am. Chem. Soc 108:810-819, 1986; Matteson et al Oiyanometalllcs. 3:1284-1288, 
1984). Another approadi is to resolve the requisite aminoboronate intennediate (e.g. Mpg- 

35 BOPinaool) to selectlveiy obtain the desired (R)-isomer and couple it to the dipeptide moiety (e,g. 
Cbz-(R)-Phe-(S)-Pro, which is the same as Cbz-D-Phe-L-Pro) which will fomri the remainder of the 
molecule. 
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The boropepHdes may be sytitheslsed rnltially in the fbrni of boronic add estets, particularly esters 
with diols. Such diol esters may be converted to the peptide boronfc add as described next 



5 

A pepHde boronate ester sudi as Cbz-(R)-Phe-Pn>-BotDMpg-OPinacol may be hydrolysed to form the 
corres|}ondlng add. 

A novel technique for convating a diol ester of a peptide boronfc add of for example, formula (I) 
10 Into the add comprises dissolving the diol ester in an ether and partioilariy a dialkyi ether> reacting 
Oie thusdissofvea diol with a diolamine?, for eiample a dlaiicanolamin^ to form a product 
predpHate, recovering the predpBate, dissolving it in a polar organic solvent and reacting the thus- 
dissolved produd: v»ith an aqueous medium, e.g, an aqueous add, to form the peptide boronic acid. 
The boronfc add may be recovered from the oiganfc layer of the mixture resulting from the reaction, 
15 for example by removing the solvent, e.g. by evaporation under vacuum or distillation. The reaction 
between the diol ester and the diolamine may be earned out under reflux, for example. 

The Identity of the diol Is not critical. As suitable dnis may be mentioned aliphatic and aromatic 
compounds having hydroxy groups that are substituted on adjacent caitxm atoms or on carbon 

20 atoms substituted by anotiier caribon. That is to say, suitable diols indude compounds having at 
least two hydroxy groups separated by at least two connecting carbon atoms In a chain or ring. One 
class cf diols comprises hydrocart)ons substituted by exactly two hydroxy groups. One such diol is 
pinacol and anotiier is pinanediol; tiiere may also be mentioned neopenlylglyool, 1,2-ettianediol, 1,2- 
propanediol, 1,3-propanedlol, 2,3-butanediol, 1,2-dilsopropyletiianediol, 5,6-decanediol and 1,2- 

25 dicydohexylethanedioi. 

The allcyl groups of tiie dialicyl etiier preferably have 1, 2, 3 or 4 cartion atoms and the alkyi groups 
may be ttie same or difiierent An ei^mplary eUier Is dietiiyl etiier. 

30 The aM Q^ups of tiie dialkanolamine prdierably have 1, 2, 3 or 4 carison atoms and tiie alkyI 
groups may be tiie same or difiierent An exemplary diallonolamlne is dietiianolamlne. The 
dietiianolamine/boromc add reaction product hydrolyses in water at room temperature and tiie rate 
of hydrolysis may be accelerated by adding add or base. 

35 The polar organic solvent is preferably CHCI3. OUier examples are polyhalogenated alkanes 
generally and eUiyl acetate. In prindple, any polar organic solvent is acceptable other than alcohols. 

The aqueous add is suitably a strong inorganfc acid at a pH In tfie region of 1 such as hydrochloric 
add, for example. 
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After readibn with the acid, the reaction mixture Is suitably washed with, ibr example, NH4a or 
another mild base. 

5 An example of a spedfic procedure is as follows 

1. The pinacol or pinanediol ester of the selected pepb'de boronic add is dissolved in diethylether. 

2. DIethanolamine is added and the mixture is rdSbssd at 40 

3. The predpftated product removed (filtered), washed (usually several times) with di^l ether 
or another polar organic solvent trther than an alcohol, and dried (e.g. by evaporation under 

10 vacuum). 

4. The dry product is dissolved in a polar organic solvent oliier than an alcohol, e.g. CHCb. Aqueous 
acid or base Is added, e.g. hydrochloric add (pH 1), and the mixture Is sHrred for e.g. approximalsly 
Ih at room temperature. 

5. The organic layer js removed and washed with NiH4a solution. 

15 6. The organic solvent is distilled off and the residual solid product is dried. 

The above process results in the formation of what may csonveniently be referred to as a "diolamine 
adducf of Uie peptide boronic add, especially such adducts with diethanoiamin^ and such adducts 
are themselves induded in the disdosure. 

20 

It will be appredated that the aforegoing technique comprises an example of a method for 
recovering an organoboronic add produd^ the m^od comprising providing in a solvent a dissolved 
mixture comprising the organoboronic add In a soluble form and a compound having two hydroxy 
groups and an amino group (i.e. a diolamine), causing or allowing the organoboronic add and the 
25 diolamine to react to form a predpitafce, and recovering the predpitate. The soluble form of the 
organoboronic add may be a dtol ester, as discussed above. The solvent may be an ether, as 
discussed above. The organoboronic add may be one of the organoboronic adds referred to in thb 
spedfication, for example it may be of Fbnnuia (I) or (m). The method described in this paragraph 
is novel and forms an aspect of the disdosure. A recovery method is filtration. 

30 

The reaction between the diolamine and the soluble form of the organoboronic add is suitable 
carried out at an elevated temperature, for ©rample under reflux. 

Another aspect of the disdosure is a method for recovering an organoboron spedes, comprising 
35 providing, in a form soluble in an ether, an organoboronic add, for example a drag such as, 

e.g. , a compound of fonnula (m); 

formjng a solution of the soluble fam in the ether; 

combining the solution with a dialkanolamine and allowing or causing the dialkanolamine to 
react with the soluble forni of the organoboronic acid to form an insoluble precipitate; and 
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recovering the predpitate. 

The term "soluWe" In the pteoeding paragraph refers to species which are substantially more soluble 
in tlie reaction medium than is the precipitated product In variants of the method, the ether is 
5 replaced by toluene or another aromatic solvent 

The diethanolamine precipitation technique descn^ed above is an example of another novel method, 
which is a mellMd for recovering fiiom ether solution a pinacol or pinanediol ester of a peptide 
boronic add, comprising dissolving diethanolamine In the solution, allowing or causing a predpitate 
10 to fbnu and recovering the predpitate. The disdosure encompasses variants of this methods in 
whidi another diol than pinacol or pinanediol Is used. 

The predpitated material, i.e. the "adduct", may be converted into the free organoboronic add, for 
example by contading It with an add. The add may be an aqueous add, for example an aqueous 
15 inorganic acid, e.g. as described above. The predpitate may be dissolved, for example In an organic 
solvent;, prnr to being contacted with the add. 

The disdosure therefore provides a method for making an organoboronic add, comprising 
converting Its diolamine reaction product to the add. 

20 

The add resulting from the methods described in the previous two paragraphs may be converted to 
a salt of the acid with a multivalent metal, which salt may In tum be fomiulated into a 
pharmaceutical composition in parenteral dosage fomi. 

25 .2^ Saltgynthegis • 

3.1 Base Addition sails 

In general, the salts may be prepared by contading the relevant peptide boronic add with a strong 
base appropriate to fomi the desired salt In the case of metal salts, the metal hydroxides are 

30 suitable bases (alternatively, metal carbonates might be used, for example), whilst sometimes it is 
more convenient to contact the add with a relevant metal alkoxide (e.g. methoxide), for which 
purpose the corresponding alkanol is a suitable solvent Salts with organic bases may be prepared 
by contading the peptide boronic add with the organic base itself. Illustrative salts are acid salts 
(one -BOH proton replaced) and, to malce acid salts with a monovalent catfon, tJie acid and the base 

35 are suitably reacted in substantially equimolar quantities. Generally stated, therefore, the usual 
acid:base molar ratio is substantially n:l, where n is tiie valency of tiie cation of tiie base. 

In one procedure, a solution of tiie peptide boronic add in a wateHnlsdble organic solvent;, for 
example acetonitrile or an alcohol (e.g. dhanol, meUianol, a propanol, for example bo-propanol, or 
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another alkanol), is combined with an aqueous solution of the base. The add and the base ate 
allowed to react and the salt is recovered. The reacHon Is typically carried out at ambient 
temperature (e.g. at a temperature of from 15 to 30°c; e.g. 15 to 25°Q, but an elevated 
temperature may be used, for example up to the boiling point of the reaction mixture but more 
5 usually lower, e.g. a temperature of up to 40°C or SO^C The reaction mixture may be allowed to 
stand or be agitated (usually stirred). 

The time during which the add and the base are allowed to react is not aitical but it has been found 
desirable to maintain the reaction mixture Ibr at least one hour. A period of fiom one to tjwo hours 
10 Is usually suitable but longer reaction times may be employed. 

The salt may be recovered from liie readion mixture by any suitable method, for example 
evaporation or predpitation. Precipitation may be carried out by adding an excess of a misdble 
solvent in which the salt has limited solubility. In one preferred technique, tiie salt Is recovered by 

15 evacuating the reaction mixture to dryness. The sait Is preferably thereafter purified, for example by 
redlssoMng the salt before filtering the resulting solution and drying ii; for example by evacuating It 
to dryness. TTie redissoluUon may be perfbrmed using water, e.g. distilled water. The salt may tiien 
be further purified, for esample In order to remove residual water by further redissolutibn in a 
suitable solvent;, whidi Is advantageously etiiyl acetate or THF followed by evaporating to dryness. 

20 The purification procedure may be can-ied out at ambient temperature (say, 15 to 30°p, e.g. 15 to 
25°C), or at a modestiy elevated temperature, such as e.g. a temperature not exc3eedlng 40°C or 
5Q°C; for example the salt may be dissohred in water and/or solvent by agitating virith or wiOiout 
warming to, for example, 37°C. 

25 Also induded is a metiiod for drying tiie salts of tiie disdosure and otiier peptide boronic add salts, 
comprising dissolving tiiem in an organic solvent^ e.g. eUiyl acetate orTHF, and tiien evaporating to 
dryness, e.g. by evacuation. 

Generally, prePened solvents for use In purifying the salts are etiiyl achate or THF, or perhaps 
30 another organic solvent 

A general procedure for syntiiesising salts of Cbz-Phe-Pro-BoroMpg-OH is as follows: 

Cbz-Phe-Pro-Borol^pg-OH (ZO.OOg, 38.1mM) Is dissolved in acetonitrile (200ml) witii stirring at room 
35 temperature. To tills solution Is added tiie requisite base in solution in distilled water (190ml); tiie 
base is added as a 0.2M solution for a monovalent cation. The resuttant clear solution is allowed to 
react for example by being left to stand or being agiteted, for a usual period, in eltiier case, of from 
one to two hours. The reaction is typically carried out at ambient temperature (e.g. 15-30''C;, e.g. 
15 to 25"'q but alternatively tiie temperature may be elevated (e.g. up to SO-C, 40''C or 50°Q. The 



wo 200S/084685 



PCT/GB2005/000907 



45 

reaction mbcture is then evacuated to dryness under vacuum with its temperature not exceeding 
37°C, typically to yield a white brittle solid or an oil/taclcy liquid. The oll/tacic/ liquid is redissolved in 
the minimum amount of distilled water necessary (200ml to 4L), typically with warming (e.g. to 30- 
40°C), usually for up to 2 hours. The sjlution is filtered, suitably through filter paper, and evacuated 
5 to dryness, again with the temperature of the solution not exceeding 37°C, or freeze dried. The 
resultant product is dried under vacuum overnight to nomially yield a white brittle solid. If the 
product is present as an oil or tacky solid then It is dissolved in ^1 acetate and evacuated to 
dryness to produce the product as a white solid. The white solid is typically a coarse, amorphous 
powder. 

10 

In variations of the aforegoing general procedure, the acetonitrile is replaced by another water- 
mlsdble organic solvent; notably an alcohol, as discussed above, espedally ethanol, m^and, iso- 
propanol or another propanol. 

15 Where a boronic acid salt is less soluble in a selected reaction medium for salt fonnation such that 
its direct preparation from the comesponding add and base is inconvenient, the less soluble salt may 
be prepared from a salt more soluble In the reactton medium. 

There is provided also the use of a boronic add to make a base addition salt of the disctosure. 
20 Induded also is a metixxi of preparing a product of tiie disckisure, comprising contacting a boronk: 
add, e.g. of fonnula (I), (11) or (EI), witti a base capable of making such a salt 

3.2 Add Addib'on salts 

In general, the acid addition salts may be prepared by contacting the relevant boropeptlde (e.g. 
25 boronic add or ester or otiier prodrug) with an acid appropriate to form the d^ired salt. 

4. Separation of Stereoisomers 

The stereoisomers of a peptide boronic ester or a synthetic intennedlate aminoboronate may be 
30 resolved in, for example, any known yvay. In particular, stereoisomers of boronic esters may be 
resolved by HPLC 

£ "High PMrity" Synthesis 

35 The literature teaches that organoboronic adds are degraded by oxidation of the C-B bond. See for 
example Wu et al (see above). Eariier woric on the salts of TIU 50c confinned tiiat these salts 
anc|/or intemnediates in their preparation are slightiy unstable, to the extent that the salts were 
found to contain a boron-fiee impurity, designated impurity I, which was evidentiy generated by C-B 
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bond cleavage. The salts as a class are significantly more stable to such degradation than the free 
add. 

These earlier TR[ 50c salts were made via the general mdhods described In Examples 5 and 9 of 
5 this spedfication. Impurit/ 1 has the following structure: 



Relative dilral purity of salts made following the general procedure of Examples 5 and 9 was 
adileved by resolving by HPLC the pinaool ester of TRI 50c, designated TIU 50b, and adverting the 
thus-resolved THE 50b into the salts. Such an HPLjC procedure is not acceptable for normal 
10 commerdal drug production. 

It has fijrther been ibund that the prior art synthesis summarised eariier under the heading 
"Aminoboronate Procedure' results, when applied to the synthesis of TRI 50c or an ester thereof, in 
fonmatlon of an Impurity designated Impurity IV: 



salts and esters and the corresponding salts and esters of Impurity IV. -No purification technique 
which has been tried can prevent the presence of Impurity IV if said prior art synthesis is used. 

20 Amongst other things, the synthetic methods described In this section of the specification addresses 
the problems of controlling C-B bond deavage in organoboronic compounds as well as providing 
chirally purified salts of TRI 50c and other organoboronic acids on a commerdal scale. In this 
regard, it has been found that C-B bonds seem to be deaved by a non-oxidative mechanism which 





15 



Attempts to separate Impurfty IV from IKl 50c have not succeeded. The same applies to T1^ 50c 
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occurs In the presence of many solvents, Including water and ag. aqueous adds and bases, 
amongst others. 

Chirally-^elective precipitation may be used to recover organoboronic adds in high purity. 

5 

Thus C-B bond cleavage (and hence in particular generation of Impurity I) may be controlled by: 
• Selection of ao^nitrile as a solvent^ where a solvent is required in processing and aoetonitrile 
has the necessary solvatibn power; in pariicuiar acebonitrile is selected In process where a polar 
solvent is desirable or necessary! 
10 • Avoiding e)xesslve contact with water. 

In tenns of TO 50c salt production, thereibre, the disdosure includes processes comprising one, two 
or three of the following features: 

G) resolution of the (R,S,S) and (R,S,R) Rimers of TO 50c by chirally selective predpitation 
15 using diethanolamine and conveniently, but not necessarily, using as starting material TO 

50c in the forni of an ester, for example the pinaool ester; 

(ii) control of the duration and/or conditions of hydrolysis of TO 50c diethanolamine ester, 
for example as obtained by such predpitation, to control C-B bond breakage; 

20 

(ill) use of acetonitrile as solvent for TO SOp, for example as obtained by such hydrolysis, 
for the purposes of reacting the TO 50c with a base to form tiie salt Another favourable 
solvent can be tetrahydrofuran. 

25 As an optional, or even stand-alone, Iburth feature, TO 50c salts may be dried by azeodrying using 
acetonitrile. 

It is considered that C-B bond deavage may occur by a nudeophllic medianism, and the disclosure 
therefore indudes methods In which opportunities for nudeophllic attack are minimised. 

30 

The above four features, or any one, two or three of them, may be applied to the manufacture and 
processing of other boronic compounds, pariiculariy acids of formula (I) and their derivatives (e.g. 
esters and salts). 

35 TTie disclosure provides in one aspect, therefore, the use of diethanolamine to resolve by seledive 
prodpitation the diasisceomers of boronic adds of formula (J). The starting material may be an add 
0) or a derivative thereof capable of forming a dieUianolamine ester of the boronic add. The 
predpitation selects adds having a chiral centre C* of (R) configuration as precipitate. The 
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piecipftate may be recovered and converted to tiie cotresponding boronic add or a salt thereof. The 
salt may be made into a pharmaceutical formulation. 

For optimised chiral purity and yield, the dyhanolamine may be used in an amount of about 1.25 ± 
5 0.1 equivalents based on initial equivalents of boronic add having a chiral centre C of (R) 
configuration. 

The initial boronic add or add derivative may for example comprise from 50% to 60% molecules 
having chiral centre C* of (R)-configuration and from 40% to 50% molecules having chiral centre C* 
10 of (S}-configuration. 

ITie method opens the way to commerdalfsatiDn of the boronic adds CO and their derivatives, 
particularly salts, as pharmaceuticals. Commercial scale pnxlucts and activities using the boronic 
adds (I) and their derivatives are therefore provided. 

15 

In one embodiment, there is provided a process for separating diastereomers of a boronic acid of 

formula (I), comprising: 

combining in dietiiyietiier solution (A) a boronic spedes selected from the boronic add Q) 

and its esters, the boronic species induding molecules having a chiral centre C* of (R) conflgur^tion 
20 and molecules having a chiral centre C* of (S) configuration, and (B) dietiianolamine, the 

di^anolamine being in an amount of about 1.25 ± 0.1 equivalents based on tiie boronic spedes In 

Wfhich the chiral cenbe C* is of (R) configuration, and mixing to fonm a mbcture; 

causing or allowing the boronic spedes and the dietiianolamine to react until a predpitate 

forms; and 
25 recovering the precipitate. 

When the starting material is an ester, it may be an ester of the boronic acid with an alcohol 
selected from the group consisting of alcohols whose sole potential electron donor heteroatoms are 
oxygens which, in tiie boronic ester, correspond to the oxygens of the ester functional group. 

30 

In some methods, the dietiianolamine is in an amount of irom 1.2 to 1.3 equivalents based on the 
boronic spedes In which chiral centre C* is of (R) configuration. 

There are induded processes in which the boranate spedes is an ester of the boronic add and a 
35 diol, in particular a diol which is not sterically hindered. As emnplary diols may be mentioned 
pinao)!, neopentylglycol, 1,2-etiianediol, 1,2-propanediol, 1,3-propanedIol, 2,3-butanedioi, 1,2- 
dlisopropyletiianediol, or 5,6-decanediol. A particular diol is pinaool. 
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The boronfc spedes and the dfethanolamine may be caused to react by heating the nnbcture to an 
elevated temperature, f9r example the mbcture may be reflu)^. e.g. for at least 10 hours. 

The predpitate may be recovered by filtration. The recovered precipitate may be washed with 
5 diethylether. The recovered precipitate after washing if such taices places, may be dissolved in a 
solvent selected from CH2Ci2 and CHO^ and repredpltated by combining the resulting solution with 
diethylether, A particular solvent is CH2Ci2. 

The recovered precipitate may be converted to the add of fomiula (I), suitably by hydrolysis, for 
10 example by dissolving the predpitate in an organic solvent selected from e.g. halohydrocarbons and 
combinations thereof, agitating the resulting solution with an aqueous liquid, e.g. an aqueous add 
having a pH of bdow 3, whereby the dissolved predpitate Is converted to the formula (I) add, and 
recovering the fonnula (1) add by evaporation. The organk: solvent may be CH2CI2 or ^^3- A 
particular solvent is 01202. In some processes, organic solvent is further evaporated from the 
15 recovered fomiula (I) add. 

The disdosure Indudes methods in which an ester of a boronic add (Q, particularly a diethanolamine 
ester, is hydrolysed in a manner which controls C-B bond deavage. In particular, this Involves 
limiting the period of hydrolysis at the selected temperature. In the case of dlethanoiamine ester 
20 hydrolysis, the hydrolysis is suitably carried out at room temperature, or less, for a period not 
exceeding about 30 minutes, e.g. not exceeding about 20 minutes, and optimally of about 20 
minutes. 

Thus the recovered predpitate referred to in the last paragraph but one may be hydrolysed using an 
25 aqueous add, particularly 2% hydrochloric add or another mineral add of similar pH, for no more 
than about 30 minutes at about room temperature, or less. Suitably, the predpitate is dissolved in a 
non-nudeophilic organic solvent (e.g. a halohydrocarbon or halohydrocarbon mixture for example 
CH2CI2} and the resulting solution Is contacted with the aqueous add for a period as previously 
described. The precipitate is thereby hydrolysed to form the free add of formula (I), which remains 
30 in the organic solvent The organic solvent may be separated ftom the aqueous medium and then 
evaporated to obtain solid acid of formula I. 

There are Induded processes in which a fomiula (I) add, for example obtained as described in the 
preceding paragraph. Is dried. In a dass of processes, the formula (I) acid is dried when it Is In the 
3S organic solvent by contacting the solvent with a hygroscopic solid. 



Induded are processes in which the formula (J) add, when in the organic solvent^ Is washed with an 
aqueous ammonium salt. 
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Chlrally purified boronfc acid may be oonveited to a phatmaceutically acceptable base addibon salt 
tiiereof, in particular by dissolving the add In acetoniWIe, combining the resultant solution with an 
aqueous solution or suspension of a pharmaceutically acceptable base, and causing or allowing the 
5 base and the acid to react, then evaporating to dryness to obtain an evaporation residue. The step 
of causing or allowing the acid and the base to react may comprise agitating the combination of the 
acetonitrile solution of the add and the aqueous solution or suspension of the base at a temperature 
of not more than 35"C and often of not more than 30°c; e.g. not more than 25"C; an opBmal 
tesnperature Is room temperature, in which case a reaction Qme of about 2 hours might be 
10 appropriate, llie priacess may further comprise: 

(i) tedlssohring the evaporation residue in acetonibile and evaporating the resulting 

soluUon to dryness; and 

00 repeating step (0 as often as necessary to obtain a dry evaporation residue. 

15 In some processes the dry evaporation residue is dissolved In acetonitrile or tetrahydrofuran to form 
a solution, and the solution is combined wrtth (e.g. slowly added to, at a rate suffidentty slow to 
avoid lump formation) a 3:1 to 1:3 v/v mixture of diethylether and an aliphatic or cycloallphatic 
solvent to form a ptedpltate, said solution being added to the dietttylether/(cydo)aliphatic solvent 
mbdure In a rab'o (solution:mixture) of fhm 1:5 to 1:15 v/v. The predpitate Is recovered and some 

20 or substantially all remaining solvent is removed from the recovered predpitate whilst malnteining 
the temperature at no more than 35*c; e.g. Is removed under reduced pressure. Induded are 
processes in which the temperature at the start: of the drying process is about 10°C and is increased 
during the process to 35°C. The aliphatic or cycloaliphatic solvent may have 6, 7 or 8 carijon atoms; 
the solvent may be an alkane, for example an n-altene, e.g. n-heptane. Some reactions may be 

25 carried out at ambient temperature, which may e.g. be IS-SO'C, e.g. 20-30''C; sometimes ambient 
temperature may be room temperature. 

The salts produced by the invention may contein a trace amount of the aliphatic or cydoallphatic 
solveni;, e.g. an amount of less than 0.1%, particulariy less than 0.01%, for example an amount of 
30 ■ about 0.005%. 

In the process for making the salt^ the base may comprise a cation of valency n and be used in a 
stolchiomeby (boronic add:base) of about n:l. In particular processes, the base is an alkali metal 
or alkaline eartJi metal base, for e)Qmple an alkali metal hydroxide or an alkaline eartji metal 
35 hydroxide. As one base may be mentioned sodium hydroxide. As another base may be mentioned 
caldum hydroxide. The disclosure indudes processes in which the base Is sodium hydroxide and the 
dry evaporation residue Is dissolved In acetonitrile. The disdosure includes processes in which the 
base is caldum hydroxide and the dry evaporatton residue is dissolved in tetrahydrofuran. 
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Hie disclosure fs not limited as to the m^od by which the boronic adds of Formula (I) are obtained 
(ibr example as an ester thereof). However, in one class of subject matter, the i=brmuia (Xi add has 
an r1 group of the fomjuia -(CH2)s^^ in which r3 is methyl or ethyl and s is independent^ 2, 3 
or 4, and the l=bnnula CO acid is prepared via an intermediate of Fbmiula (XXV): 
5 (HO)2B-(CH2)sO-R3 (XXV), 

which intennediate is made by reaction between a borate ester and a suitable 1- 
metailoalkoxyaikane. 

A novel aspect of the disclosure comprises the Formula (XXV) intennediates, 

10 

Hie Formula OQ(V) intennediates may be made by reacting a 1-metaIloalkoxyalkane, where the 
alkoxyalkane is of the fbnnula -(CH2)s-0-r3, with a borate ester to Ibmi a compound of liomiula 
(XXV), 

15 It will be appreciated that the above method provides a general procedure for making 
alkoxyalkylboronic adds, which may be presented by the formula rZ-0-rY.b(0H)2. Such 
alkoxyalkyiboronlc adds may be converted to aminoboronates, and the aminobcHDnates may be 
dertvab'sed at their amino group to fom an amide bond linted to another moiety. In other words, 
the aminoboronates may be converted to boropeptides. TTie method will now be described further 

20 with nonHimiHngreferarice to compounds of Fbnnula 00<V). 

Hie starting materials for the reaction may be a m^iloalkoxyalkane, e.g. a Grignard reagent, 
obtainable tram 1-haloalkoxyalkane of the formula HaKCH2)s-0-R3 (where Hal Is a halogen) and a 
borate ester. The metal Is in particular magnesium. Another metal Is lithium, in which case the 
25 metallo reagent may be prepared by reacting the l-haloalkoxyalkane with butyl lithium. Where the 
method indudes preparatfon of the metallo reagent from the haloalkoxyalkane, the haloalla»cyalkane 
may be a chloroalkoxyaikane; the corresponding bromo compounds may also be used. To make a 
Grignard reagent, magnesium may be reacted with the haloalkoxyalkane, 

30 Suitable borate esters are esters of mono- and di-funcHonal alcohols {e.g. of EtOH, MeOH, BuOH, 
pinacol, glycol, pinanediol etc). For example, the esfsr may be of the formula B(0R3)(0RI')(0RC) 
where R^, pp and RC and C1-C4 alkyi and may be the same as each other. 

An exemplary procedure for making a Formula (XXV) intermediate, illusbBted with reference to 
35 methoxypropane as the alla]xyallane species. Is: 
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Z-DIPINA 

The reactions are suitably carried out in an organic solvent; e^ . THF. 

The above<Iescrlbed procedure for making alfcaxyalkylboronic acids avoids generaUon of Impurity IV 
5 (see above), or its analogues In those cases where the end produd is not TIU 50c or a derivative 
(salt, ester etc) thereof. TTie procedure therefore provides a unique route to maldng TRI 50c, its 
esters and salts, uncontamlnated by Impurity IV, and for maldng other amlnoboronic acids which are 
sub^jtuted a- to the boron by an alkaxyalkyl group and are uncontamlnated by impurities analogous 
to Impurity IV. 

10 

An alkoxyalkylboronic acid, i.e. a compound which may be represented by the formula rZ-o-rY- 
B(0H)2, may be converted to an amlnoboronic compound, for example a boropeptide, by any 
suitable procedure, e.g. one known In the art A reactton scheme for making alkoxyalkylboronic 
adds into aminoboronates, and for converting aminoboronates Into peptkle boronates is iHustrated 

15 with reference to synthesis of TRI 50c at the start: of the Examples of this specification. The reaction 
scheme may be modified as desired, e.g.: diethanolamine predpltatibn and subsequent steps may 
be omitted, and/or reagent substituttons may be made. For example, pinacnl may be replaced by 
another diol. UDA is a non-nudeophilte strong base and may be replaced by another such base. 
Other examples indude, but are not limited to, lithium dilsopropylamide, lithium 2,2,6,6- 

20 tetram^ylplperidine, 1-lithium 4-mediylpiperazide, 1,4-dllithium piperazide, lithium 
bls(trlmethylsilyl) amide, sodium bls(trimethylsilyl)amide, potassium bls(trimethylsilyi)amide, 
Isopropyl magnesium chloride, phenyl magnesium ditoride, lithium diethylamide, and potassium tert:- 
butoxide. The reactions may be canled out In any suitable solvent where n-heptane is used In the 
Examples, It may be replaced by another Inert: non-polar solvent; e.g. another aliphatic or 

25 cydoaliphatic solvent, for example an alkane, e.g. an n-alkane. 

It will be appredated Irom the aforegoing that the above described methods may be used in the 
manufacture of organoboronfc adds salts as described. It is not necessary for sequential steps to be 
carried out as one operation or at the same site: they may be peribmied in this way or different 
30 processes (different parts of the overall synthesis) may be distributed in time and/or space. 
Particular end product salts are monosodium, monollthium, hemicakdum and hemlmagneslum salts, 
for example of TRI 50c. 
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Generally, the reactions may suitably be carried out with a non-nudeophilic solvent. Where a 
nudeophillc solvent is present, minimunfi contact is prefieared, for example in the case of hydrolysis 
of diethanoiamine esters. 

5 & Hi g h P qrity Products 

The ''high purity products" of the disclosure indude inter a/la boronic adds, diethanoiamine esters 
and salts obtainable by (having iiie chaiadBrisUcs of a product obtained by) the disdosed methods. 
Also induded are products obtained diredly or indlrecUy by the disclosed methods. Such products 
10 may be formulated ibr oral administration, and such oral fbnnulations are Induded In the disclosure. 

Particular products of the invention are base addition salts of a boronic add of formula (I) having the 
chiral purity of such salt when prepared by a method described herein. Other products are base 
addition salts of a boronic acid of formula (I) having the purity of such salt when prepared by a 
15 method descrilied herein. 

Product identities will be apparent from the preceding descripUon and the following examples. In 
addition, products of the disdosure are described in the claims. Of pariicular note are tte data in 
Bample 38, indlcab'ng that the processes of the Invention can remaricably achieve end product salts 

20 fiee of impurities d^sctable by HPLC In other instances, the salts are substantially free of 
impurities, e.g. at least 98% pure, more usually at least 99% pure, e.g. at least 99.5% pure, in 
terms of reverse phase (RP) HPLC percentage peak area. Salts may at least 99.3%, 99.4%, 99.5% 
99.6%, 99.7%, 99.8% or 99.9% pure, in terms of reverse phase (RP) HPLC percentage peak area. 
Suitable HPLC procedures comply with reference 1 and/or reference 2 and/or reference 3 of 

25 Example 38. Induded also are products at least substantially free of Impurity I and analogues, 
producte free of Impurity IV and analogues, and products containing small traces of non-polar 
solvent^ e.g. n-heptane. The trace amount of non-polar solvent may be less than 0.2%, 0.1%, 
0.05%, 0.01% or 0.005% as detemnined by GC-headspace chromatography. 

30 Induded also are salts containing less than 410 ppm aoetonlbile. 

Some salts contain impurities of less than 10,000 ppm, 5000 ppm, 1000 ppm, or 500 ppm. 

TTSre Fonnulations 

35 

Induded In the formulations of the disdosure are solid phase products adapted for the active 
ingredient (the base addition salt of the boronic acid) to be administered orally and be put into 
solution or suspension before the active principle (the boronic add and/or its corresponding 
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boronatB spedes) enters the stomach. The active ingredient may be put into soiuOon or suspension 
prior to administration or, aitemativdy, in the mouth. 

A first class of formulation, therefore, comprises particulate formuiations, i.e. powders and granules, 
5 for oral administration after reconstitutlon into a liquid preparation, and preferably into a drinkable 
preparation. It is generally preferred for the liquid preparation to be a solution rather than a 
suspension and certain particulate fonnuiaddns are for dissolving to fomi a drinldng solution. The 
formulation may be for reconstitution into a suspension or more nomially a sohiUon having a volume 
of from about 50ml to about 15Qml. TTie disdosure also contemplates reconstituted volumes of less 
10 tiian about 50ml or of more tiian about 150ml, e.g. of up to about 250ml and more often of up to 
about 200ml. If a small volume of reconstituted solution is required, this can be achieved at least in 
preferred einbddiments, e.g. in tiie case -of the monosodlum salt of TRI 50c an amount of salt 
equivalent to 600mg TRI 50c may be readily dissolved in 10ml water to fomn a pH 9.88 solution. 

15 The disclosure includes particulate formulations adapted for reconstitution with water to form a 
solution or suspension of tite boronic add salt (or free boronic add, prodrug or prodrug salt), the 
solution containing a therapeutically effective amount of the boronic add salt and having a volume 
of from about 50ml to about 150ml. Such formulations may contain a pharmaceutiraliy acceptable 
organic add in an amount suffkjent to reduce tiie pH of tiie solution, e.g. to a value below 9.5 In tiie 

20 case of salts. 

It has been found possible to forni surprisingly concentrated boronate salt solutions (of up to about 
600mg/ml in the case of TIU 50c monosodium salt) at a pH of about 9.5. However, a solution with 
a pH of 9.5 will often be undesirably distastefol to drink. Accordingly, a pharmaceuticaily acceptable 
25 organic add may be induded in tiie particulate formulation in an amount selected to reduce tiie pH 
to a value at which the solution is more palatable but at which a solution of drinkable quantity (e.g. 
about 50ml to about 150ml) may be formed by reoonsbluting ttie particulate formulation. As tiie 
organic add may be mentioned dbic add, tartaric acM or malic add, for example. In many 
instances, citric add is chosen. 

30 

Experiments have been perfbnned to test the solubility of TRI 50c monosodium salt at different pH 
values. All the experiments were conducted using a quantity of the salt equivalent to 600mg TRI 
50c free add. In a first series of experiments, this amount of tiie salt was dissolved in 50ml water to 
fonn a solution of approximately pH 9.5. Dilute aqueous HCI was added to detennine how much the 
35 pH could be reduced before predpitation occurred. It was found that the salt tended to precipitate 
when tiie pH of tiie reconstibJted solution was reduced below 9 and tiie p^i of a reconstituted liquid 
having tills concentration of salt may ttierefore be mainteined at 9 or more, e.g. 9.2 or more, to 
keep tiie salt in solution. 
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In a second series of experiments, the same amount of the salt was dissolved in 150ml water, and 
dtric add was added. It was found that the pH could be reduced to a value of 3.7-3.8 using citric 
acid before precipitation occurred. In other words if, in the case of a salt dosage equivalent to 
eoOmg TRI 50c, the patient instructions are to prepare a solution in at least 150ml water, a quantity 
5 of organic add (e.g. citric acid) can be induded in tiie formulation which will reduce the pH to a 
value of, say, not less than 4, without a risk of predpitation. Since add solutions tend to be more 
palatable than alkaline ones, and citric add is a oxnmon flavouring agents this behaviour of the salt 
is highly benefidal. In practical terms, up to 200mg citric add may be combined with TRI 50c 
monosodium salt (600mg, calculated as IKl 50c) for a preparation to be reconstituted fn ISOmi 
10 water or more. In general, it Is contemplated that the boronate will be formulated to form a 
reconstituted solution having a pH of.frorn 4 to 8, e.g. 4 to 7, optionally 5 to 6. 

Of course, the absolute amount of citric or otiier add vtfouki be varied with (i) the absolute amount 
of tiie salt and (li) the desired reconstituted volume, in line witii tiie guidance from the above results 
15 and such routine expalmentation as might be necessary. 

TRI 50c sodium salt Is a representative of otiier salts disdosed herein, particulariy otiier alkali metal 
salts but also other soluble salts or derivatives, such as aminosugar salts or sugar esters. 
Accordingly, tiiese results Indicate tiiat embodiments of tiie disclosed boronc add compounds may 
20 be fomiulated with organic adds to make fomiulations whkdi, optionally when containing additional 
flavours, will be acceptable as regards flavour. 

It is envisaged that therapeutically effective doses of the boronic add compound (e.g. salt) for a 
human adult vtrill include dosages of from about 0.2 mole boronate to about 1.5 moles boronate. 
25 The dosage may be at least about 0.35 moles. The dosage is usually not more than about 1.5 
moles boronate, more usually about 1.35 moles or less, e.g. not more than about 1.25 moles; In 
some Instances it is at most about 1 mole. In one instance, tiie therapeutically effective dose is 
from about 0.4 mole to about 0.85 mole boronate. 

30 The fomiulations may be presented in monodose units, i.e. units containing exactly a single dose of 
active compound for reconstitution. Thus, in some embodiments, there are provided monodose 
units containing TRI 50c (or, e.g., its salts) in an amount of from about lOOmg to about 750mg, e.g. 
about lOOmg to about 700 mg and more usually of from about ZOOmg to about 600mg, e.g. about 
200mg to about SOOmg, calculated as TRI 50c. A particular dass of unit dosage forms contains from 

35 about 200mg to about 450mg TRI 50c or TRI 50c salt, calculated as TRI 50c, e.g. about SOOmg; the 
salt is suftably a mono alkali metel, e.g. sodium, salL In place of the salt, another soluble fonn of 
TRI 50c may be used, e.g. a sugar derivative. 

The.aforesaid weights of TRI 50c salts translate Into moles as folbws: 



wo 2005/084685 



PCT/GB2005/000907 



56 



Weiqhtfcalcas-miBOc) 


Moles TR[ 50c 


100 mq 


0.19 


200 mq 


0.38 


450 mg 


0.86 


500 mq 


0.95 


600 mq 


1.14 


700 mq 


1.33 


750 mq 


1.43 



The granules or powder will typically contain an anti-microbial preservative and a flavouring, both 
normally being distributed throughout the formulation. Less frequently, the granules or powder will 
5 contain Just one of these two components. Additionally, or less frequently alternatively, they may 
contain one or more other esoiplents as described above under the heading *Oral Dosage Forms'. 
In some embodbnents, a powder or granular fionmulaUon may indude an diervescent system, e.g. 
as previously described in relation to effervescent tablets. 

10 The granules or powder will be filled into a container after their manufacture. Usually, the container 
is suitable for dispensing the contents into a drinking vessel containing water (which may be 
flavoured or unflavoured, or replaced by fruit juice or another beverage product). The container will 
in most instances contain a unit of the fbmiulatlon for dispensing. It may be a monodose container 
or, for flexibility, the formulation may be presented as a divided dose. In whldi case the container 

15 will indude a fraction of envisaged doses and a desired number of containers is selected to make up 
a single dose for any Individual patient 

Suitably, the unit container form is a sachet or a plastics container, e.g. having a moulded plastics 
body. As an alternative to single-unit containers, there may be mentioned metered dose containers 
20 having a reservoir of the formulation and a metering dance to enable an appropriate dosage of the 
formulation to be dispensed. 

The disdosure indudes oral formulations of the described boronic add salts in the fbrm of 
effervescent tablets for combining with a Ik]uid to form an orally administrable solution or 

25 suspension of the boronate salt Some suitable eReivesdng systems are described above under the 
heading "Oral Dosage Forms". In some embodiments, the tablet is in monodose form; in others a 
single dosage will be obtained by combining a suitable number of tablets and usually combining all 
the tablets with a drinkable preparation, e.g. with an amount of from about 50ml to about 150ml 
water, or with such an amount of another beverage product Suitable doses of boronic add salt are 

30 as prevtously described in relation to powders and granules. 

Where it is desired to indude an add In the effervescent tablet for the purpose of redudng the pH of 
the liquid to make it more pleasant to drink, this may be done by incorporating an excess of the 
organic add used in the effervescent system, i.e. a single add - e.g. cifaic add - may serve as both a 
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component of the efRsrvescent system and a pH redudant for the liquid preparation made using the 
tablet 



Effervescent tablets and 'last melf formulations may include as previously described, e.g. in most 
5 cases will contain an antimicrobial preservative and/or one or more flavour agents. One dass of 
tablets and fast melt formulations comprises monodose tablets, or formulation units containing a 
single dose of boronic add salt as described above in relation to granules and powders. 
Altematively, each tablet or fbnnulation unit may contain a fraction of a dose, again as described 
above in relation to granules and powders. 

10 

Effervescent tablets will of course contain an effervescent system, as previously described. 

The formulations may of course contain the active prindple as a free boronic add, or a salt or 
prodrug salt. Exemplary salts are not only base addition salts of alkali metals such as sodium, but 
15 also of alkaline earth metals, for example caldum. Ftirther to be mentioned are base addition salts 
with organic bases, for example those disclosed eariier in this spedfication. Prodrugs have 
previously been described In the spedfication. 

The disclosure is not resbfcbed to reconstitutable fomiulatibns as described above. Thus certain 
20 aspects of the disclosure Indude or involve other oral fbmnulations, for example tablets and 
capsules. Such aspects of the disdosure may indude or involve parenteral, particulariy intravenous 
formuialjons. Some of these aspects are: 

• the high purity salts 

• treatment (prevention) of flight DVT 

25 • treatment (prevention) of thrombosis in extracorporeal liver detoxification 

• use of compounds other than base addition salts to prevent thrombosis during 
haemodialysls. 

In the case of QHD or other intermittent apheresis. It Is contemplated that intravenous TRSOc 
30 monososium salt would be administered to adult patients at a rate of from about 20 to 50 mg/hour 
which, using the conversion factor refen-ed to previously, may readily be calculated as equivalent to 
approximately 0,035-0.089 millimoles THI 50c pa- hour. Administration at a rate of about 0.035- 
0.089 millimoles TiU 50c per hour is therefore contemplated to be suitable for other TKI 50c salts 
and for salts of other boronic acids of similar potency (Ki of Tra 50c = 7-22nM) in the setting of 
35 QHD and other intermittent apheresis procedures. Of course, the rate of administration may be 
adjusted in the dinical judganent of a medical practitioner, for example to take account of a 
paUenfs vralght or other factors, and a rate of adminisbation of about 0.025-0.125 mmoles/hour 
may therdbre be mentioned. In the case of dissimilar potendes, say (Ki values outside the range of 
5-25nM), dosage rate may be adjusted accordingly. The activated dotting time (ACT) Is a 
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commonly used parameter for assessing the degree of anticoagulation and the target ACT in am is 
150 to 250 sec The disclosure is not limited to administration In sudi quantities or regimens and 
includes dosages and regimens outside tiiose described in this paragraph. 

5 It Is desirable in OHD that as little water as possible be added during anticoagulation, since one of 
the purposes of QHD is to remove water from tiie blood. It is therefore contemplated tiiat a 
relatively soluble antitiirombotic will be used, e.g. a sodium salt or a reaction product of a boronic 
add and an aminosugar (for example N-nidliyH3-glucamine) in tiie case of OHD. Otiier procedures 
whidi involve intravenous anticoagulation may be less sensitive to tiie vplume of water injected or 
10 infosed and less soluble products may be preferred on a balance of factors. Thus, for example it 
may in such Instances be preferred to administer a salt of a divalent metal such as cakn'um or zinc 
for reason of stability. Magnesium Is anotiier pharmaoeutically acceptable divalent metal. Trivaient 
metals may also be mentioned. 

15 Examples of the procedures or settings less sensitive to volume of added watEr referred to In tiie 
previous paragraph indude apheresis procedures otiier tiian haemodialysis, ecc^ in tiie setiing of 
renal foilure or disorder. 

According to a flirtiier aspect;, tiierefore, ttiere is provided an oral or parenteral phannaceub'cal 
20 fonmulation including a product as described herein, notably a product obtained or obtainable by tiie 
high purity process, in admixture witii a pharmaceub'cally acceptable adjuvant, diluent or carrier. 

Solid dosage forms for oral administration indude capsules, tablets (also called pills), powders and 
granules. In such solid dosage forms, the active compound is typically mixed witii at least one ineri:, 

25 phanmaoeutically acceptable exdplent or carrier such as sodium citrate or dicaldum phosphate 
and/or one or more: a) fillers or extenders such as starches, lactose, sucrose, glucose, mannitol and 
sllldc add; b) binders such as carijoxymetiiylcellulose, alginates, gelatin, polyvinylpyrrolidone, 
sucrose and acada; c) humectants such as glycerol; d) disintegrating agents sudi as aga^agar, 
caldum carbonate, potato or tapioca starch, alginic add, certain silicates and sodium cariionate; e) 

30 solution retarding agents such as paraffin; f) absorption accelerators such as quaternary ammonium 
compounds; g) wetting agents such as cetyl alcohol and glycerol monostearate; h) absorbents such 
as kaolin and bentonite day and i) lubricants sudi as talc, caldum stearate, magnesium stearate, 
solid polyethylene glycols, sodium lauryl sulfate and mixtures tiiereof. In the case of capsules and 
tablets, the dosage form may also comprise buffering agents. Solid compositions of a similar type 

35 may also be employed as fiilers in soft and hard-filled gelatin capsules using such exdpients as 
lactose or milk sugar as well as high molecular weight polyethylene glycol, for example. 

Suitably, ttie oibI formulations may contain a dissolution aid. The dissolution aid is not limited as to 
its identity so long as it is pharmaoeutically acceptable. Examples indude nonionic suriiace active 
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agents, such as sucrose latt/ add esters, glycerol fatly add esters, sorbitan add esters (e.g., 
sorbltan trioleate), polyethylene glycol, polyoxyethytene hydrogenated castor oil, polyoxyethylene 
sorbitan fatty acid esters, polyoxyeHiylene alkyi ^ers, mrthoxypolyoxyeaiylene all<yl ethers, 
polyoxyethylene alkylphenyl ethers, polyethylene glycol fatty add esters, polyoxyethylene 

5 alkylamines, polyoxyethylene alkyI thioethers, polyoxydhylene polyoxypropylene copolymers, 
polyoxyethylene glycerol fatty acid esters, pentaerythritol fatty add esters, propylene glycol 
monofatty add esters, polyoxyethylene propylene glyotri monofetty add esters, polyoxyethylene 
sorbitol faUy add esters, fatty add alkylolamides, and alkylamine catties; bile add and salts thereof 
(e.g., chenodeoxydiollc add, cholic acid, deoxycholic add, dehydrocholic add and salts thereof, and 

10 glydne or taurine cor^Jugate thereof); ionic surface active agents, such as sodium laurylsulfatei, fatty 
add soaps, alkylsulibnates, alkylphosphates, ether phosphates, fatty add salts of basic amino adds; 
triethanolamine soap, and alkyI quaternary ammonium salts; and amphoteric surface active agents, 
sudi as betaines and aminocarboxyiic add salts. 

15 The presently disdosed product may be presented as solids in finely divided solid form, for example 
they may be micronised. Powders or finely divided solids may be encapsulated. 

The active compound may be given as a single dose, In multiple doses or as a sustained release 
foimulation. 

20 

In the case of tablets or capsules, the compounds, particularly the salts of amino- or peptido-boronic 
acids, may be administered in a form which prevents the salt from contact with the addic gastric 
juice, such as enterically coated fbrmulatnns, wheh thus prevent release of the salt until it reaches 
the duodenum. 

25 

The enteric ooab'ng is suitably made of carinhydrate polymers or polyvinyl polymers, for example. 
Bcamples of enteric coating materials indude, but are not limited to, cellulose acetate phthalate, 
cellutose acetate succinate, cellulose hydrogen phthalate, cellutose acetate trimdiltate, ethyl 
cellulose, hydroxypropyl-methyksllulose phthalate, hydroxypropylmethyksllukise acetate sucdnate, 

30 carboxym^iiyl ethylceliulose, starch acetate phthalate, amylose acetate phttialate, polyvinyl acetate 
phthalate, polyvinyl butytate phthalate, styreneinalefc add copolymer, methyl-acrylate-methacrylic 
add copolymer (MPM-05), methylacrylate-methaaylic add-methylmethacrylate copolymer (MPl^-05), 
and methylmethacrylate-methacrylic add co-polymer (Eudragit® L & S). Optionally, the enteric 
coating contains a plasb'dser. Bcamples of the piastidser indude, but are not limited to, triethyl 

35 citrate, triacetin, and diethyl phthalate. 



Co/nb/n3tion Ttierspy 
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The compounds may be administered alone or in cnmbinaHon with pharmaceutically acceptable 
diluents, excipients or carriers. The temfi "pharmaoeuticaliy acceptable" includes acceptability for 
both human and veterinary purposes, of which acceptability for human pharmaceutical use is 
preferred. 

5 

The salts of the disclosure may be combined and/or co^minlstered with any cardiovascular 
treatment agent There are large numbers of cardiovascular treatment agents available in 
commercial us^ in dinical evaluation and In preKdinlcal development, which could be selected for 
use with a product of the disclosure for the prevention of cardiovascular disorders by combination 

10 drug therapy. Such agent can be one or more agents selected ftom, but not limited to several 
m^or categories, namely, a lipIdHowering drug. Including an IBAT Oleal Na*/bile add ootransporter) 
inhibitor, a flbrate, niadn, a statin, a CET? (cholesberyl ester transfer protein) inhibitor, and a bile 
acid sequestranti an anti-oxidant, induding vitamin E and probucol, a nb/nia antagonist (e,g. 
abdximab, eptifibatide, tirofiban), an aldosterone inhibitor (e.g. spiroladone and epoxymexrenone), 

15 an adenosine A2 receptor antagonist (e.g. losartan), an adenosine A3 receptor agonist a beta- 
blodcer, acetylsalicylic add, a loop diuretic and an ACE (angiotensin converting enzyme) inhibitor. 

The salts of the disdosure may be combined and/or a«dminlslered with any anBthromboBc agent 
with a diflRBrent medianism of adion, sudi as the antiplatelet agents aoelylsallcyllc acid, tidopidine, 
20 dopldogiel, thromboxane receptor and/or synthetase inhibitors, prostacydin mimetlcs and 
phosphodlsterase inhibitors and ADP-receptor (Pj T) antagonists. 

The products of the disdosure may further be combined and/or co-admlnistered with thrombolytics 
such as tissue plasminogen activator {natural, recombinant or modified), streploldnase, urokinase, 
25 prourokinase, anisoylated plasminogen-streptokinase activator complex (APSAC), animal salivary 
gland plasminogen adivators, and the lite, in the treatment of thrombodc diseases, in particular 
myocardial infarction. 

Tlie sails of the disdosure may be combined and/or co-admlnistered with a cardioprotedant, for 
30 example an adenosine Al or A3 receptor agonst 

Actual dosage levels of active Ingredients in the phannaoeutlcal compositions of Uiis disdosure may 
be varied so as to obtain an amount of the active compound(s) that is effective to achieve the 
desired therapeutic response for a particular patient, composition, and mode of administration 
35 (referred to herein as a "therapeutically efledive amount"). The selected dosage level will depend 
upon the activity of the particular compound, the severity of the condition being treated and the 
condition and prior medical history of the patient being treated. However, It Is within the skill of the 
art to start doses of the compound at levels lower than required for to achieve the desired 
therapeutic efled: and to gradually Increase the dosage until the desired effect Is achieved. 
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Tlie formulations and dosage fonns of the disclosure include those in which the salt is an alkali metal 
salt, for example a lithium, sodium or potassium salt of which sodium salts may be mentioned as 
particular salts. Another class of fonnuiations contains aminosugar salts of the disclosed boronic 
5 adds, for example N-methyl-D-glucamine salts. The salts mentfoned in this paragraph may be 
administered as solutions in watsr, typically containing one or more additives, for example isotonidty 
agentCs) and/or an(ioxidant(s). A suitable way to store the salts is in solid fbnn, for example as dry 
powder, and to make them up Into solutions for administration prior to administration. 

10 It will be understood from the aforegoing that ttiere are provkled phamiaceutlcal products 
comprising a mono alkali m^l or hemi alkaHne earth metal salt of a boronic add of Fonmula 0) in 
the form of a product suitable for reoonstitottoh into an aqueous readHn-drink formulation. The 
product suitable for reconstitution may comprise a sachet contoining powder or granules or it may 
comprise an effervescent tablet. One example is a monosodium salt of a boronic add of Fbmiula (I), 

15 particularty TKL 50c, in dry powder or granular form for reconstitotion as a drinkable liquid 
formulation, particulariy a solution. Another example is a hemicak:ium salt of a boronic acid of 
Fonnula (I), partJculariy TRI 50c; in dry powder or granular form for reoonstitulion as a drinkable 
liquid formulation, particulariy a solution. The salt may be a lyophillsate. The dry powder or 
granular material may be packaged In a sachet As an altematlve to such dry powder or granular 

20 material, the monosodium or hemicaldum salt may be In the fonn of an eRervescent tablet 

EXAMPLES 

EXAMPLES ITO 4 - INTRDDUCTORY REMARKS 

25 

Apparatus 

Throughout the following procedures of Examples 1 to 4, standard laboratory glassware and, where 
appropriate, spedalised apparatus for handling and transferring of air sensitive reagents are used. 

30 All glassware is heated at 140-160°C for at least 4 hours before use and then cooled either in a 
desiccator or by assembling hot and purging with a stream of dry nitrogen. 

Solvents 

The organic solvents used in the procedures of Examples 1 to 4 are all dry. Suitably, they are dried 
35 over sodium wire before use. 

Dryness 

In the drying procedure of Bample 1 to 4, products are tested for dryness (Induding dryness in 
terms of organic solvent) by observing weight loss on drying. The following procedure was followed 



wo 2005/084685 



PCT/GB2005/000907 



62 

to d^rmine loss on drying: a sample was placed In a vacuum drier and dried at 40°C at 100 mtar 
for 2 hours. Products are considered dry when the decrease In weight upon drying is less than 0.5% 
of the total weight of the starting material. 

5 Bamples 1 to 4 describe peribnnanoe of the following reaction scheme and conversion of the 
resultant TiS 50c to sodium and caldum salts thereof: 
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LDA = lithium diisopropylamide 

LiHlv|DS = lithium hexamethyldisilazane, also known as lithium bls(trimethylsilyl}amide 
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BCAMPLE 1 - SYNTHESTS OF-TPT ms 
StBpliZ-DIPZNB 

5 Procedure A 

17.8 g (732.5 mmole) magnesium turnings, 0,1 g (0.4 mmole) iodine and 127 ml dry 
tetraiiydFofijran are charged and heated to reflux. Then 15 ml of a solution of 66 g (608 mmole) 1- 
dilorD-3-fnethaxypropane In 185 ml dry tstrahydrofuran are added and sUrred under reflux until the 
vigorous reaction starts. After the initial exotherm ceases, the solution of l-chloro-3- 

10 methoxypropane is added slowly to maintain gentle reflgx until all the magnesium Is consumed. 
After the reaction IS finished, the reaction mixture is cooled to ambient temperature and slowly 
added to a solution of 64.4 g (620 mmole) trimethylborate iii 95 ml diy'te6^hydrofuran; the latter 
solution is cooled to below 0°C and, if it wanns up during the course of the reaction, the reaction 
mixture must be added to it sufRciently slowly to maintain the temperature of tiiis solution below 

15 65°C. Upon complete addition, the reaction mixture is altowed to warm to about O^C and stirred for 
anotiier 60 minutes. Then a solution of 22.4 ml sulfuric add in 400 ml water is added slowly so as 
to maintain the temperature bebw 20°C The layers are allowed to settle and the phases are 
separated. The aqueous layer Is rewashed three times wiUi 200 ml teri:.-butylmethyldher. The 
combined organic layers are allowed to s^ and additional water separated from this solution is 

20 removed. The organic layer is dried over magnesium sulfate, filtered and evaporated to dryness. 
The evaporation residue is filtered from tiie precipitated solid and the filtrate dissolved in 175 ml 
toluene. 34.8 g (292 mmole) pinaool is charged to the solution followed by stirring at ambient 
temperature for not less than 10 hours. The solution is evaporated to dryness, dissolved in 475 ml 
n-heptane and washed three times witii 290 ml saturated aqueous solution of sodium hydrogen 

25 carbonate. The n-heptane solution Is evaporated to diyness and the evaporation residue distilled 
and the fraction witii Bp 40-50°C at 0.1-0.5 mbar recovered. 
Boiling point: 40-50°C / 0.1-0.5 mbar 
Yield: 40.9 g (70%) Z-DIPIN B (oil) 

30 Procedure B 

17.8 g (732.5 mmole) magnesium turnings, 0.1 g (0.4 mmole) iodine and 127 ml dry 
tetrahydrofuran are charged and heated to reflux. Then 15 ml of a solution of 66 g (608 mmole) 1- 
chloro-3-metiioxypropane in 185 ml dry tetrahydrofuran are added and stirred under reflux until the 
vigorous reaction starts. After the initial exotherm ceases, the solution of l-chloro-3- 
35 methoxypropane is added slowly to maintain gentie reflux. After tiie. reaction is finished, the 
reaction mixture Is cooled to ambient temperature and slowly added to a solution of 64.4 g (620 
mmole) trimethylborate in 95 ml dry tetrahydrofuran, maintaining the temperature of this solution 
below minus 65°C. Upon complete addita'on, tiie reacb'on mixbjre is allowed to warm to about 0°C 
and stirred for anotiier 60 minutes. Then a solution of 22.4 ml sulfuric add in 400 ml water is added 
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slowly so as to maintain the temperature below 20°C The organfc solvent Is removed by distillation 
under vacuum. 300 ml n-heptane is charged to the aqueous solution of iSre evaporation residue 
followed by addition of 34.8 g (292 mmole) pinaooi. The two-phase-mixture is stirred at ambient 
temperature for not less than 2 hours. Aflier allowing the layers to settle, the aqueous phase is 
5 separated. 300 ml n-heptane is charged to the aqueous solution and the two-phase-mixture is 
stirred at ambient temperature for not less than 2 hours. After allowing the layers to settle, the 
aqueous phase is separated. The organic layers are combined and washed once with 200 ml water, 
followed by 200 ml saturated sodium hydrogen carbonate solution and bm further washes with 200 
ml water each. TTie n-heptane solution is evaporated to dryness and the evaporation residue 
10 distilled and tiie fraction with Bp 40-50°C at 0.1-0.5 mbar recovered. 
Boiling point: 40-50<>C/ 0.1-0.5 mbar 
Yield: 40.9 g (70-85%) Z-DIPIN B (oil) 

Step 2: Z-DIPIN C 

15 

16.6 g (164 mmole) dnsopropylamlne and 220 ml tetrahydrofuran are charged and cooled to -30 to 
-^°C. To tills solution 41.8 g (163 mmole) n-butyl litiiium, 25% in n-heptane is added, followed by 
stirring at 0 to -5°C for one hour. This freshly prepared solution of lithium dlisopropyiamide Is 
cooled to -30°C and tiien added to a solution of 27.9 g (139 mmole) Z-DIPIN B In 120 ml 

20 tetrahydrofuran and 35.5 g (418 mmole) dichlorometiiane at a temperature bebween -60 and - 
75°C The solution is stirred at that temperature for half an hour followed by additbn of 480 ml 
(240 mmole) 0.5N anhydrous Zinc(n)-chIoride in tetrahydrofuran or 32.5 g (240 mmole) anhydrous 
solid Zinc(II)-chloride. Afber stirring at -65'C for one hour, tiie reaction mixture is allowed to warm 
to ambient temperature and stirred for another 16-18 hours. The reaction mixture is evaporated to 

25 dryness (i.e. until solvent is removed) and followed by addition of 385 ml n-heptane. The reaction 
mixture is washed with 150 ml 5% sulfuric add, with 190 ml saturated sibdiurn hydrogen carbonate 
solution, and 180 ml saturated sodium chloride sofuta'on. The organic layer Is dried over magnesium 
sulfate, filtered and evaporated to dryness (i.e. until solvent Is removed). The oily residue is 
transferred into tiie nsct step viritiiout further purification. 

30 Yield: 19 g (55%) Z-DIPIi^ C 

Step 3: Z-DIPIN D 

To a solution of 23.8 g (148 mmole) hexametiTyidisilazane in 400 ml tetrahydrofuran at -15°C Is 
35 added 34.7 g (136 mmole) n-butyl lithium, 25% in n-heptane and stirred for one hour. The solution 
is cooled to -55°C followed by ttie addition of 30.6 g (123 mmole) Z-DIPIN C dissolved in 290 ml 
tetrahydrofiiran and 35 ml tebahydrofuran to this i^hly prepared solution of UHMDS. The solution 
is allowed to warm to ambient temperature and stirred for 12 hours. The reaction mixture is 
evaporated to dryness, tiie evaporation residue dissolved in 174 ml n-heptane, washed witti 170 ml 
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water and 75 ml saturated sodium chloride solution. TTie organic phase is dried over magnesium 
sulfate, filtered and evaporated to complete dryness O-e. until solvent Is removed). TTie oily residue 
Is dissolved in 100 g n-heptane. This solution is carried over into the next step without furiiier 
purification. 
5 Yield: 32.2 g (70%) Z-DIPIND 

Step 4: Z-DIPIN (TRISOb, crude) 

A solution of 26.6 g C71 mmole) Z-DMN D In 82.6 g n-heptane is dUuted witii 60 ml n-heptane and 
10 cooled to -60°C followed by Introduction of 105 g C285 mmole) hydrogen chloride. The reaction 
mixture Is subsequenHy evacuated and flushed wiUi nitrogen, while tfie temperature \s inaeased in 
increments of about 20°C to ambient temperature. The solvent Is removed from the oily pred[ntate 
and replaced several times by 60 ml fresh n-heptane. The oily residue is dissolved in 60 ml 
tetrahydrofuran (Solution A). 

15 

To a different flask 130 ml tetrahydrofuran, 24.5 g (61.5 mmole) Z-D-Phe-ProOH and 6.22 g (61.5 
mmole) N-mettiyimorpholine are charged and cooled to -20°C. To this solution a solution of 8.4 g 
(61.5 mmole) isobutylchlorofbrmate in 20 ml tetrahydrofuran is added and stirred for 30 minutes, 
fbliowed by addition of Solution A at -25°C Upon complete addition, up to 16 ml (115 mmole) 

20 blethylamine is added to adtjust the pH to 9-10, measured using a pH stick. The reaction mixture is 
allowed to wann to ambient temperature and stirred for 3 hours, still under nitrogen. The solvent is 
evaporated to dryness and the evaporation residue dissolved in 340 ml terL-butylmethyiether (t- 
BME). TTie solution of Z-DIPIN in t-Bl^lE is washed twice with 175 ml 1.5% hydrochloric acid. The 
combined acidic washes are given a rewash with 175 ml t-BME. The combined organic layers are 

25 washed with 175 ml water, with 175 ml saturated sodium hydrogen carbonate solution, with 175 ml 
25% sodium chloride solution, dried over magnesium sulfate and filtered. This solution is carried 
over into the next step witiiout further purification. 
Yield: 29.9 g (80%) Z-DIPIN 

30 EXAMPLE 2 - SYimiESIS OF TKl SOD fDIETHANOU\|V|INE ADDUCT OF TRI 50O 

The startling material used In tliis Example is the solution of TRI 50b ("Z-DIPIN") obtained in 
Example 1. The solution is carried forward to the synthesis of TRI 50d without further purification. 
The solution of Z-DIPIN in t-BIV|E (containing 7.0 g (11.5 mmole) (i^S,R) TRISOb, calculated based 
35 on HPLC results of Z-DIPIN) is evaporated to dryness and the evaporation residue dissolved in 80 ml 
dietiiyletiier. 1.51 g (14.4 mmole) diahanolamine is added and tiie mixture heated at reflux for at 
least 10 hours, during which process tiie product precipitates. The suspension is cooled to 5-10°Q 
filtered and the filter residue washed witii dietiiyletiier. 
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To improve chiral and chemical purity the wet filter cake (7 g) is dissolved in 7 ml dichloromethane, 
cooled to 0-5°C and the product precipitated b/ addition of 42 ml diethyiether and filtered. The 
isolated wet product is dried at 35°C In vacuum or at least 4 hours, until day. 
Yield: 5.5 g (80%) TriBOd 
5 Melting Point: 140-145''C 

EXAMPLE 3 - PREPAlWnOI^ OF SODIUM SALT OF T RI5QC 

1.5 tig (2.5 mde) TRISOd fiom Bample 2 is dissolved in 10.5 L dichlorometiiane. 11 L 2% 

10 hydrochloric add Is added and the mixture is stirred for at most 30 minutes (optimally about 20 
minutes) at room temperature. A predpitate forms in the organic phase. After sHning, the layers 
are allowed to settle and separated. The aqueous layer is rewashed twice with 2.2 L 
dichloromethane. The combined organic layers are washed writh a soluhon of 625 g ammonium 
chloride in 2.25 L water. (The ammonium chloride buffias the pH of tiie aqueous extractions to be 

15 within a range of fiom about pH 1-2 to about pH 4-5, as strongly addle conditions might cleave 
peptide bonds). The organic phase is dried over magneaum sulfate, filtered and the filtrate 
evaporated to dryness. An assay of Uie free boronic add is perfonned (by the IV HPIjC m^liod of 
Bcample 38 for at most 30 mins (opBonally about 20 mhi) at room temperature) and the amounts of 
the solvents and base for conversion of the add to the salt are calculated. If 2.5 mol of the free 

20 add Is obtained, the evaporaUon residue is dissolved In 5 L acetonitrile followed by addition of a 
solution of 100 g (2.5 mole) sodium hydroxide as a 5% solution In 2.2 L water. Tlie solution is 
stirred for two hours at ambient temperature (e.g. IB-SCC, optimally room temperature) and then 
evaporated in vacuum (of ca. 10 mmHg) at a temperature not ©cceeding 35°C. TTie evaporation 
residue is repeatedly diSOTlved in 3.5 L fresh acetonitrile and evaporated to dryness to remove 

25 traces of water. If the evaporation residue is dry, it is dissolved In 3 L acetonitrile (or alternatively In 
6 L THF) and slowly added to a mixture of 32 L.n-heptane and 32 L diethylettier. The addition is 
peribnned slowly enough to avoid lumping or stiddng of the product and Is cam'ed out over a period 
of not less than 30 minutes. The predpiteted product Is filtered ofi; washed with n-heptene and 
dried under vacuum at a temperature Inttially of about 10°C and then increasing to a limit of about 

30 35°C, until dry. 

Yield: 1.0 kg (70%) Tri50c sodium salt 

BfAMPLE 4 - PREPAm-nOI^ OF CftLOUM SALT OFTTtt50C 

35 1.5 kg (2.5 mole) TiUBOd from Example 2 Is dissolved in 10.5 L dichtorometiiane. 11 L 2% 
hydrochloric add is added and the mixture is stirred for at most 30 minutes (optimally about 20 
minutes) at room temperature. Aflsr stim'ng the layers are allowed to s^le and separated. The 
aqueous layer is given a rewashed twice wiUi 2.2 L dichloromethane. The combined organic layers 
are washed witii a solution of 625 g ammonium chtoride in 2.25 L water. The organic phase is drted 
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over magnesium suHate, filtered and the filtrate evaporated to dryness. An assay of the free boronic 
add is perfbnned and the amounts of the solvents and base for conversion of tlie add to the salt are 
calculated. If 2.5 mol of the free add is obtained, the evaporation residue is dissolved in 5 L 
acetonitrile followed by addition of a suspensfon of 93 g (1.25 mole) caldum hydroxide in 1 L water. 

5 The solution is stirred for two hours at ambient temperature (e.g. 15-30-0, optimally room 
temperature) and then evaporated under vacuum (of ca. 10 mmHg) at a temperature initially of 
about WC and then increasing to a limit of about SS^C. The evaporation residue is repeatedly 
dissolved in 3.5 L ftesh acetonitrile and evaporated to dryness to remove traces of water. If the 
evaporation residue Is dry, it is dissolved In 6 L tebahydrafiiran and slowly added to a mixture of 32 

10 L n-heptane and 32 L dfetJryl^r. TTie addition Is perfbrmed slowly enough to avoid lumping or 
sticking of the product and is carried out over a period of not less than 30 minutes. The predpitated 
product is filtered ofl*, washed with n-heptane and dried under vacuum (of ca. 10 mmHg) at a 
temperature below 35°C until dry. 
Yield: 0.98 kg (70%) Tri50c caldum salt 

15 

The procedures of Examples 1 to 4 may be scaled up and, if operated carefully, will produce highly 
pure salts. In the diethanolamlne predpltatlbn step it is important to use 1.25 equivalents of 
diethanolamlne per equivalent of (R,S,R) TRI 50b. In the hydrolysis of the diethanolamlne ester, it 
is imporiant to avoid esK^sslvely long contact with the aqueous add. Ukewise the TRI 50b should 
20 be syntheslsed via the Grignard reaction to Z-DII>IN A. 

EXAMPLE 5 - ALTERNATIVE CONVERSION OF TRI SOB TO TTU 50C 

The synthetic procedures described in this and subsequent synthetic examples were generally 
25 performed under nitrogen and using dry solvents as supplied from oommerdai sources. 

1. ApprcBdmately 300 g of TRI 50b, obtained by the HPLC purification of racemic TRI 50b) were 
dissolved in approximately 2.5 L diethylether. It is estimated that difierent batches of TRI 50b had 
Isomeric purities ranging from 85% R,S,R to In excess of 95% R,S,R. 

30 2. Approximately 54 ml dietiianolamine were added (1:1 stoichtometry with total TRI 50b content), 
and Uie mixture was refluxed at 40 °C. 

3. The precipitated product was removed, washed several times witti dietiiylettier and dried. 

4. The dr/ produd was dissolved in CHCI3. Hydrochloric add (pH 1) was added and tiie mbcture 
was stirred approximately Ih at room temperature. 

35 5. The organic layer was removed and washed with NH4a solution. 

6. The organic solvent was distilled off and tiie residual solW product was dried. 

Typical yield: Approximately 230 g 
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EXAMPLE 6 - PREPARATIOM OF \ TTHIUM SALT OF TRI50C 

Cbz-Phe-Pro-BoroMpg-OH obtained by the method of Bample 5 (20.00g, 38.1mM) is dissolved in 
acetonitrile (200ml) with stirring at room temperature. To this solution is added LiOH as a 0.21^1 
5 solution in distilled water {190ml). The resultant dear solution is stirred for 2 hours at room 
temperature and tiien evacuated to dryness under vacuum with its temperature not exceeding 37°C. 
Hie resultant oi|/tacky liquid is redissolved in 500ml distilled water necessary with light warming for 
about 20 mfnulBS. The solution is filtered through fUlsr paper and evacuated to dryness, again with 
the temperature of the solution not exceeding 37"»C. The resultant product is dried under vacuum 
10 overnight to nonnally yield a white brittie solid. 

The salt was then dried under vacuum over silica to constant weight (72 h). 

Yield 17.89g. 

15 

Microanalysis: 



C % Found 


H % Found 


N % l=ound 


B % Found 


Metal % Found 


(Calc.) 


(Calc) 


(Calc.) 


(Calc.) 


(Calc.) 


57.14 


6.60 


7.34 


2.07 


Li 1.26 


(61.03) 


(6.64) 


(7.90) 


(2.03) 


(1.31) 



20 EXAMPLE 7 - UVMSIBLE SPECTRA OF LTTHIUM SALT OF TmSOC 

UV/Vislble spectra of the salt resulting from the procedure of Example 6 were recorded In distilled 
water at 20oc fham 190nm to 400nm. The salt gave \^ at 210 and 258nm. The weight of tiie dried 
salt was then measured for the purposes of calculating tiie extinction confident Ihek^st 258nm 
25 was used. The extinction coefFident was calculated using tiie formula:- 

A = Ed where A is the absorbance 

C is the concenb-ation 
ItiiepathlengtiioftiieUV cell 
30 and e is the extinction coeffldent. 

Extinction coefBcient: 451 



EXAMPLE 8 - AQUEOUS SOLUBTLTTY OF LTTHIUM SALT OFTTO50C 

35 
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ITie salt used in this Example was made using a modification of the process desalbed in Example 6. 
TTie modified process diRSers from that described in that lOOmg of TO 50c was used as starting 
material, the product of the redissolution in water was dried by liieeze drying and the filtration was 
carried out through a 0.2iJm filter. The salt is believed to contain about 85% of R,S,R isomer. 

5 

To detennlne maximum aqueous solubility 25mg of the dried salt were shaken in water at 37''C, the 
sample filtered and the UV spectrum mea5ured..TTie salt left a white residue of undissolved material. 
The lithium salt was comparatively soluble and so was redissolved at SOmg/ml in the same manner 
previously described. 

10 

Solubility when dissolved at 25mg/ml: 43mM (23 mg/ml). 
Solubility when dissolved at 50mg/mi: 81mM (43 mg/ml). 

EXAMPIJ 9 - PREPARATION OF SODIUM SALT OF TI^SOC 

15 

Cbz-Phe-Pra-BoroMpg-OH obtained by the method of Example 5 (20.00g, 38.1mM) is dissolved In 
ac^nltrile (200ml) with stirring at room temperature. To this solution is added NaOH as a 0.2M 
solution In distilled water (190ml). The resultant dear solution is stirred for 2 hours at room 
temperature and then evacuated to dryness under vacuum with its tempeiBture not ejcceeding 37°C. 

20 The resultant oll/tacky Dquid is redissolved In 500ml disUlied water with light wanning for about 15- 
20 minutes. The solution fs filtered through filter paper and evacuated to dryness, again with the 
temperature of ttie solution not exceeding 37°C. The resultant product is dried under vacuum 
overnight to normally yield a white brittle solid. The product may be present as an oil or tadcy solid 
due to residual water, in whidi case it is dissolved in ethyl acetate and evacuated to dryness to 

25 produce the product as a white solid. 

The salt was then dried under vacuum over silica to constant weight (72 h). 
Yield: Over 50%. 

30 

Microanalysis: 



C % i=bund 


H % Found 


N% Found 


B % Found 


Metal % Found 


(Calc.) 


(Calc.) 


(Calc.) 


(Calc.) 


(Calc.) 


59.93 


6.47 


7.31 


1.91 


Na 3.81 


(59.24) 


(6.44) 


(7.67) 


(1.98) 


(4.20) 



EXAMPLE 10 - UVMSIBLE SPECTBA OF SODIUM SALT OF TRI50C 

35 
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UV/VIsible spectra of the sodium salt resulting from the procedure of Example 9 were recorded in 
distilled water at 20°C from 190nm to 400nm, Tlie salt gave Amacat 210 and 258nm. TTie weight of 
the dried salt was then measured for the puiposes of calculating the extinction coefficient. The 7^ 
at 258nm was used. The extinction coefficient was calculated using the fbiniula:- 

5 

A = sd where A is the absorbance 

C is the concentration 
I ttie path length of the UV cell 
and sis the extinction coefficient 

10 

Bcb'nction coefficient: 415. 

pcAMptf » - AQUEOUS s ptjuwimr of sodium sau of ttosoc 

15 The salt used in this Example was made using a modification of the process desaibed in Example 9. 
The modified process difiers from that desaibed in that lOOmg of TR[ 50c was used as starting 
material, the product of the redtesolution in water was dried by freeze drying and the filtration was 
carried out through a 0.2pm fitter. The salt is believed to contain about 85% of i^S,R isomer. 

20 To ddermine maximum aqueous solubility 25mg oif the dried salt were shaken In water at 37°Q, the 
sample filtsred and the UV spectrum measured. The salt left a white residue of undissolved material. 
The sodium salt was comparatively soluble and so was redissolved at 50mg/ml in the same manner 

previously described. 

25 Solubility when dissolved at 25mg/ml: 44miv| (25 mg/ml). 
Solubility when dissolved at 50mg/ml: 90mM (50 mg/ml). 

EXAMPLE 12 - PREPARATTQN OF POTASSIUM SALT0FTW5QC 

30 Cbz-Phe-Pro-BoroI^pg-OH obtained by the method of Example 5 (20.00g, 38.1mivi) is dissolved in 
acetonitrile (200ml) with stirring at room temperature. To this solution is added KOH as a 0,2M 
solution in distilled water (190mi). The resultant clear solution is stirred for 2 hours at room 
temperature and then evacuated to dryness under vacuum with its temperature not exceeding 37°C. 
The resultant oil/tacky liquid is redissolved In IL distilled water with wanning to 37°C for about 2 

35 hours. The solution is filtered through filter paper and evacuated to dryness, again with the 
temperature of tlte solution not exceeding 37°C The resultant product is dried under vacuum 
overnight to normally yield a white brittle solid. 
Yield: 14.45 mg. 
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The salt was then dried under vacuum over alica to constant weight (72 h). 
Microanalysis: 



C% Found 


H % i^und 


N % Found 


B % Found 


Metal % Found 


(Calc.) 


(Calc) 


(Calc.) 


(Calc) 


(Calc) 


54.84 


6.25 


7.02 


2.01 


K4.29 


(57.55) 


(6.26) 


(7.45) 


(1.92) 


(6.94) 



5 

RfAMPLE 13- UV/ VTSTBLF SPHTTRA OF POTASSIUM SALT OF-nq50C • 

UV/Visible spectra of the potassium salt resulting from the procedure of Example 12 were recorded 
10 In distilled water at 20°C from 190nm to 400nm. TREOC and «ie salt gave W at 210 and 258nm. 
The weight of tiie dried salt was then measured for the purposes of calculating the exHndion 
coefflclent The W at 258nm was used. The exHndion coefficient was calculated using the 
formula:- 

15 A = Ed where Aistheabsortianoe 

C is the concentration 
I the path length of the UV cell 
and sistheextindioncoeffident. 

20 Extinction coefficient: 438. 

RfAMPI E 14 - AQUEOUS SOI HBTLTTY OF POTASSIUM SALT OF TTO50C 

The salt used in tiiis Example was made using a modification of ttie process described in Example 
25 12. The modified process difliers from that described in tirat lOOmg of TRI 50c was used as starting 
material, the product of tiie redissolution In water was dried by freeze drying and ttie filtration was 
carried out through a 0.2ijm filter. The salt Is believed to contain about 85% of I^S,R isomer. 

To detemiine maximum aqueous solubility 25mg of the dried salt were shaken in water at 37°C, tiie 
30 sample filtered and tiie UV spectrum measured. The salt left: a white residue of undissolved material. 

Solubility when dissolved at 25mg/ml: 29mM (16 mg/ml). 



EXAMPlf 15 - PR EPARATION OF ZINC SALTOFTIU 50C 
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Tlie relative solubilHy of zfnc hfdmade is such thal^ if the hydroxide had been used to prepare the 
corresponding TKL 50c salt using the procedure of Bcample 6, they would not have resulted in 
homogeneous salt ibnnation. A new method was therefore developed to prepare the zinc sall^ as 
described in this and the next scamples. 

5 

WI 50c sodium salt (2.24g, 4.10mM) was dissolved in distilled water (lOOmi) at room temperature 
and zinc chloride in IHF (4.27mi, 0.5M} was carefully added with stinlng. A white precipitate that 
immediately fonned was filtered off and washed with distilled water. This solid was dissolved in 
ethyl acetate and washed with dislilled water (2 x 50ml). TTie organic solub'on was evacuated to 
10 dryness and the white solid produced dried over silica in a desiccator for 3 days before 
miOoanalysis. Yield 1.20g. 

NI^R 400i^Hz, ShCCDsOD) 7.23-7.33 (20H, m, ArH), 5.14 (4H, m, PhCHzO), 4.52 (4H, m, aCH), 
3.65 (2H, m), 3.31 (12H, m), 3.23 (6H, s, OCH3), 2.96 (4H, d, 77.8Hz), 2.78 (2H, m), 2.58 (2H, m), 
15 1.86 (6H,m), 1.40 (10H,m}. 

"C NMR 75MHz Sc(CDjOD) 178.50, 159.00, 138.05, 137.66, 130.54, 129.62, 129.50, 129.07, 128.79, 
128.22, 73.90, 67.90, 58.64, 58.18, 56.02, 38.81, 30.06, 28.57, 28.36, 25.29. 
FUR (KBr disc) v™„ (cm'^) 3291.1, 3062.7, 3031.1, 2932.9, 2875.7, 2346.0, 1956.2, 1711.8, 1647.6, 
20 1536.0, 1498.2, 1452.1, 1392.4, 1343.1, 1253.8, 1116.8, 1084.3, 1027.7, 916.0, 887.6, 748.6, 699.4, 
595.5, 506,5. 

EXAMPLE 16 - PREPARATION OF ARGININE SALT OF TRI50C 

25 Cbz-Phe-Pro-BoroMpg-OH obtained by the method of Example 5 (20.00g, 38.1mM) is dissolved in 
acetoniblle (200ml) with stirring at room temperature. To this solution is added arginine as a 0.2M 
solution in distilled water (190ml). The resultant dear solution is sb'med for 2 hours at room 
temperature and then evacuated to dryness under vacuum with its temperature not exeeding 37°C. 
The resultant oil/tacky liquid is redissolved in 2L distilled water with warming to 37°C for 2 hours. 

30 The solution is filtered tiirough filter paper and evacuated to dryness, again with the temperature of 
the solution not exceeding 37*'C. The resultant product is dried under vacuum overnight to nonnally 
yield a white brittle solid. 

The salt was then dried under vacuum over silica to a}n5tant weight (72 h). 

35 

Yield: 10.54g. 
Microanalysb: 
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C% Found 


H% Found 


N % Found 


B % Found 


(C&lc) 


(Calc.) 


(Calc.) 


(Calc.) 


52.47 


7.12 


15.25 


1.52 


(56.65) 


(7.20) 


(14.01) 


(1.54) 



EXAMPLE 17 - UV/VISIBL£ SPECTRA OF ARGININE SALT OF TRI50C 

UV/Vlslble spectra of the salt resulting from the procedure of Example 15 were recorded in distilled 
5 water at 20<'C from igonm to 400nm. TRI50C and the salt gave "k^ at 210 and 258nm. The 
weight of the dried salt was then measured for the purposes of calculating the exb'ncb'on codTicfenL 
The W at 258nm was used. The exUncttoh coefficient was calculated using the Ibmiula:- 

A = sd where A is the absottance 
10 C is the concentration 

I the path length of the UV cell 
and els the extinction coeflident 

ExUncb'on coeffldent: 406. 

15 

EXAMPU 18 - AQUEOUS SOLUBILITY OF ARGININE SALT OF Tlg50C 

The salt used in this Example was made using a modification of the process desaibed in Example 
16. The modified process differs from that desaibed in that lOOmg of TRI 50c was used as starting 
20 material, the product of the redissolution in water was dried by freeze drying and the filtration was 
carried out through a 0.2pm filter. The salt is believed to contain about 85% of R,S,R isomer. 

To determine maximum aqueous solubility 25mg of the dried salt were shaken In water at 37°C; the 
sample filtered and the UV spectrum measured. The salt Idt a white residue of undissolved material. 

25 

Solubilit/ vrhen dissolved at 25mg/ml: 14mM (10 mg/ml). 
EXAMPjE 19 - PREPAMTTON OF LYSINE SALTOFTiqSOC 

30 Cbz-Phe-Pro-Boroi^pg-OH obtained by the method of E>ampie 5 (20.00g, 38.1ml^) is dissolved in 
acetonitrile (200ml) with stirring at room temperature. To this solution is added L-lysine as a 0.21^ 
solution in distilled water (190ml). The resultant clear solution is stinted for 2 hours at room 
temperature and tiien evacuated to dryness under vacuum with its temperature not exceeding 37°C. 
The resultant oil/tacl(y liquid is redissolved in 3L distilled water with wanning to 37'>C for 2 hours. 

35 The solution is filtered through filter paper and evacuated to dryness, again wiUi tiie temperature of 
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the solution not esoieeding 37'*C. The resultant product is dried under vacuum overnight to nonnally 
yield a while brittle solid. The product may be present as an oil or tacky solid (due to residual 
water), in which case It is then dissolved in ethyl acetate and evacuated to dryness to produce the 
product as a white sofid. 

5 

Tlie salt was then dried under vacuum over silica to constant weight (72 h). 
Yield: 17.89. 
10 Microanalysis: 



C % Found 


H % Found 


N % Found 


B % Found 


(Calc) 


(Calc.) 


(Calc) 


(Calc.) 


57.03 


7.43 


10.50 


1.72 


(59.11) 


(7.36) 


(10.44) 


(1.61) 



EXAMPLE 2Q - UV/VISIBLE SPECTRA OF LYSINE SALTOFTTU50C 

15 

UV/Visible spectra of the salt resulting iiom the procedure of Bample 19 were recorded In distilled 
water at 200C irom 190nm to 400nm. TRI50C and the salt gave ^ at 210 and 258nm. The 
weight of the dried salt was then measured for the purposes of calculating the extinction coefficient 
The Xmat at 258nm was used. The extinction coefficient was calculated using tiie fbnnula:- 

20 

A = ecl where A is the absorbance 

C Is the oonoentration 
I tiie patii length of tiie UV cell 
and s Is the extinction coeffidenL 

25 

Extinction coefficient: 437. 

EXAMPLE 21 - AQUEOUS SOLUBILrTY OF LYSINE SALT OF TTUSOC 

30 The salt used In this Example was made using a modification of the process desaibed in Example 
19. The modified process differs from that descn"bed in that lOOmg of TRE 50c was used as starting 
material, the product of the redissoIuHon In water was dried by freeze drying and the filb^tion was 
carried out through a 0.2pm filter. The salt is believed to contain about 85% of I^S,R isomer. 
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To detErmine maximum aqueous solubility 25mg of the dried salt were shaten In water at 37''C, the 
sample filtered and the UV spectrum measured. "TTie salt left a white residue of undissolved material. 

Solubnit/ when dissolved at 25mg/ml: 13miv| (8.6 mg/ml). 

5 

BfAMPLg 22 - PREPARATION OF N-METHYL-D-GUiCAMTNF SALT OFTW50C 

Cbz-Phe-Pro-BoroMpg-OH obtained by the method of Example 5 (20.00g, 38.1mM) is dissolved in 
acetoniblle (200ml) with stirring at room tanperature. To this solution is added N-metiiyl-D- 

10 glucamine as a 0.2M solution in distilled water (190mO. The resultant dear soIuHon is sHrred for 2 
hours at room temperature and then evacuated to dryness under vacuum with its temperature not 
exceeding 37''C The resultant oil/tacky liquid is redissolved in SOOmi dlsiilled water with light 
wanning for about 20 minutes. The solution is filtered through filer paper and evacuated to dryness, 
again with the temperature of the solution not ecceeding 37°Q or freeze dried. The resultant 

15 product is dried under vacuum overnight to nonnaliy yield a white brittle solid. 

ITie salt was then dried under vacuum over silica to constant weight (72 h). 
Yield: 21.31g. 

20 

Microanalysis: 



C% Pound 


H% Found 


N % Found 


B % Found 


(Calc.) 


(Calc.) 


(Calc) 


(Calc.) 


56.67 


7.28 


7.74 


1.63 


(56.67) 


(7.41) 


(7.77) 


(1.50) 



exmPLE 23 - UV/yiSTBU SP FCTRA OF N-METHYL-IMSLUCAIVIINE SALT OF TRI50C 

25 

UV/Vislbie spectra of the salt resulting from the procedure of Example 22 were recorded in distilled 
water at 200C from 190nm to 400nm. TO50C and the salt gave W at 210 and 258nm. The 
weight of the dried salt was then measured for the purposes of calculating the extinction coefficient 
The W at 258nm was used. The extinction codficient was calculated using the formula:- 

30 

A - ECl where A is the absoriiance 

CIS the concentration 
i the path length of the UV cell 
and s is the extinction coelTident 

35 
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&dincUoncoefficfent:433. 

EXAMPLE 24 - AQUEOUS SOI t IRTIJTY OF N-METHYL-D-GLUCA MTNE SALT OF TKBOC 

5 The salt used in this Example was made using a modification of the process described in Example 
22. The modified process differs from tiiat described in that lOOmg of TRI 50c was used as starting 
material, the produd: of the redissolution In water was dried b/ freeze drying and the filtration was 
canied out through a 02|jm fiter. The salt is believed to contain about 85% of R,S,R Isomer. 

10 To deisermlne maximum aqueous solubility 25mg of the dried salt were shaken In water at 37°q, the 
sample filtered and the UV specbiim measured. The salt was observed to fully dissolve. The salt 
was oompaiatively soluble and so was redissolved at SOmg/ml in Vhe same manner previousiy 
described. 

15 Solubility when dissolved at 25mg/ml: 35mM (25 mg/ml). 
Solubility when dissolved at 50mg/ml: 70mM (50 mg/ml). 

EXAMPl£ 25 - AWTERNATWE PREPWVnON QF mmm SAP* OF TRI50C 

20 The arginine salt is formed simply by adding a slight molar e)«jess of L-arglnine to a solution of 0.2- 
0.3mmol of TRISOc In 10ml of ethyl acetate. The solvent is evapotated after one hour, and the 
residue is triturated twice with hexane to remove excess arginine. 

Bmm 2g - RRgr PREPARATTOM OF CALQUM SALT OF "TO 5QQ 

25 

a»-Phe-Pro-BoroMpg-OH (20.00g, 38.1mM) obtained by the method of Example 5 is dissolved in 
acetonitrile (200ml) with stirring at room temperature. To this solution Is added Ca(0H)2 as a O.IM 
solution In distilled water (190ml). The resultant dear solution is sUned for 2 hours at room 
temperature and Qien evacuated to dryness under vacuum with its temperature not eiosedlng 37<'C. 
30 The resultant product is a white brittle solid. 

The salt was then dried under vacuum over silica to constant weight (72 h). 

Yield: 17.69g. 

35 

EXAMPLE 27 -SECOND ALTERNATIVE PREPARATION OF CALQUM SALT OF TRI 50C 



50.0 g TRI 50c (95.2 mmol) were dissolved under stirring in 250 ml acetonitrile at room temperature 
and then cooled with an ice bath. To this ice cooled solution 100 ml of an aqueous suspension of 
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3.5 g (47.6 mmol) calcium hydroxide was added dropwise, stiired for 2.5 hours at room 
temperature, filtered and the resulting mixture evaporated to dryness, the temperature not 
exceeding 35°a The dear yellowish oily residue was redissolved in 200 ml acetone and evaporated 
to dryness. The procedure of redissolving in acetone was repeated one more time to obtain 
5 colourless foam. 

This foam was redissolved in 100 ml ac^ne, filtered and added dropwise to an ice cooled solution 
of 1100 ml petrol ether 40/60 and 1100 ml diethyleiiier. The resulting colourless precipitate was 
filtered, washed two times vOh p^l ether 40/60 and dried under high vacuum, yielding 49.48 g of 
10 a colouiiess solid (92%), with a purity of 99.4% according to an HPLC measurement 

EXAMPLE 28 - UV/VISIBLE SPECTRA OF CALQUM SALT OF TRI 50C 

UV/Vis!ble spectra of the salt resulting from the procedure of Bomple 26 were recorded in distilled 
15 water at 200C from 190nm to 400nm. TW 50C and tiie salt gave X^ax 3* 210 and 258nm. The 
weight of tiie dried salt was tiien measured for tiie purposes of calculating tiie extinction coefFidenb 
The X(f^ at 258nm was used. The extinction coefficient was calculated using tiie fbrmula:- 

A = eel where A is the atisottance 
20 C is the concentration 

ItiiepatiilengtiioftheUV cell 
and e is the eidinction coefficient. 

Extinction coefRdent: 955. 

25 

EXAMPIJ 29 - AOUEOUS SOLUBHITY OF CALCJ UI^ SALT OF TiU 50C 

The salt used in tiiis Example was made using a modification of the process described in Example 
27. Ttie modified process differs from that described in that lOOmg of TRI 50c was used as starting 
30 material, the product of the redissolutibn in water was dried by freeze drying and tiie fiftration was 
can-ied out through a 0.2iJm filter. The salt is believed to contain about 85% of R,S,R isomer. 

To determine maximum aqueous solubility 25mg of the dried salt were shaken in water at 37''C, the 
sample filtered and the UV spectrum measured. The salt left a white residue of undissolved material. 

35 

Solubility when dissolved at 25mg/ml: 5mM (5 mg/ml). 



EXAMPLE 30 -IN l>777?0 ACTIVnY OF CALOUI^ SALT OF TW 50C 
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■mi 50c cata-um salt was assayed as an mhibltor of human a-thrombin by an amldolytfc assay (J. 
Deadman et al, J. Med. Ornn. 38:15111-1522, 1995, which reports a Ki value of 7nM forTRI 50b). 

The inhibition of human a-thrombin therefore, was detennined by the inhibition of the enzyme 
5 catalysed hydrolysis of three different concentrations of the chromogenic substrate S-2238. 

200jd of sample or buffer and 50jJ of S-2238 were Incubated at 37«C for 1 minute and 50|J of 
human a-*iombin (0.25 NIHp/ml) was added. TTie initial rate of Inhibited and uninhibited reactions 
were recorded at 4.5nm. Tbe increase in optical densHy was plotted according to the method of 
10 Uneweaver and Butice. The Km and apparent Km were detennined and Ki was calculated using the 
relationship. 



15 The buffer used contained O.IM sodium phosphate, 0.2M NaO, 0.5% 1^ and 0.02% sodium azide, 
adjusted to pH 7.5 with orUiophosphoric add. 

The samples consist of the compound dissolved in DMSO. 

20 The reader Is referred to Dixon, M and Webb, E.C„ "Enzymes", tiiltd edition, 1979, Academic Press, 
tiie disclosure of which is incorporated herein by reference, for a fiirtJier description of llie 
measurement of Ki. 

TRI 50c caldum salt was observed to have a Ki of lOnM. 

25 

RfAMPI F ^1 - PRFPARATTQN OF MAGNKIUM SALT OF TW 5QC 

TRI 50c (1.00g, 1.90mM) was dissolved in metiianol (lOmD and sfa-rred at room temperaftjre. To 
tills solution was added magnesium methoxide mPm^ In methanol (1.05ml, 7.84 wt%). This 
30 solution was stirred for 2 hours at room temperature fHlered and evacuated to 5ml. Water (25ml) 
was tfien added and the solution evacuated down to dryness to yield a white solid. This was dried 
over silica for 72 hours before being sent for mlcroanaiysls. reld 760mg. 

»H NMR 300MHz, 5h(CD3C(0)CD3) 7.14 - 7.22 (20H, m), 6.90 (2H, m), 4.89 (4H, m, PhCHzO), 4.38 
35 (2H, m), 3.40 (2H, br s), 2.73 - 3.17 (20H, broad unresolved multiplets), 1.05 - 2.10 (16H, broad 
unresolved multiplets). 
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NMR 75MHz 5c(CD3C(0)CD3) 206.56, 138.30, 130.76, 129.64, 129.31, 129.19, 129.09, 128.20, 
128.04, 74.23, 73.55, 67.78, 58.76, 56.37, 56.03, 4838, 47.87, 39.00, 25.42, 25.29. 
FTIR(KBrdlsc) v,«„(cm-i) 3331.3, 3031.4, 2935.3, 2876.9, 2341.9, 1956.1, 1711.6, 1639.9, 1534.3, 
5 1498.1, 1453.0, 1255.3, 1115.3, 1084.6, 1027.6, 917.3, 748.9, 699.6, 594.9, 504.5, 467.8. 

EXAMPLE 32 - SOLUBIUrr QF "TOgQC 

The UV/visible spectra of TRISOc resulting from the procedure of Example 5 and its solubiilty were 
10 obtained as described above in relation to the salts. The solubilit/ of Tra50c when dissolved at 
50mg/ml was 8mi«1 (4mg/ml). 

Rf AMPLE 33 - ANALYSTS OF SODIUM. CALdUM. MAGNKTUI^I Ai^D ZlKiC SALTS OF f R.S.R) TRI 50C 

15 The foltowing salts were prepared using a boronate:metal stoichiometry of n:l, where n is the 
valency of tiie metal, using (R,S,R) TBI 50c of higher chiral purity than that used to prepare the salts 
described in Examples 8, 11, 14, 18, 21, 24 and 29 . 



Analytical data Physical Properties 

HPLC or LC/MS: HPLC bdabasic 08 Column, Fonn: Amorphous solid 
CH3CN, Water 



Estimated Purity: >95% by UV (Xasnm) 
Micro analysis: 



CalcxI. 
C: 59.24 
H: 6.44 
N: 7.67 
Other B: 1.98 
Na: 4.20 



Found. 
59.93 
6.47 
7.31 
1.91 
3.81 



Colour: White 
Melting Point: N/A 



Solubility: Soluble in aqueous media 
£9»€0mg/ml 



M„: 547.40 



Analyticai data 

HPLC or LC/MS: HPLC betabasic C18 CO 
CH3CN, Water 

Estimated Purity: >95% by UV {hvs^ 
Mlao analysis: 

CalcxI. Found. 
C: 59.27 55.08 

H: 6.48 6.43 



Physical Properties 

Fonn: Amorphous solid 

Colour White 

Melting Point: N/A 

Solubility: Soluble In aqueous media 
ca~4mg/ml 
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N: 7.71 
Other. B: 1.99 
Ca: 3.68 



7.08 
2.01 
3.65 



81 
M„: 



Analytical data 

HPLC or LQ/MS: HPLC betabasic CIS Column, 
CH3CN, Water 

Estimated Purity: >90% by UV (A-asnm) 
Micro analysis: 
C: 



CakxL 
60.44 
6.57 

N: 7.83 
Other: B: 2.01 
Mg: 2.26 



57.25 
6.71 
7.45 
2.02 
2.12 



Physical Properties 
Ftjrm: Amorphous solid 

Colour: White 

Melting Point: N/A 



Solubility: Soluble in 
C3'>'7mg^ml 



M„: 1073.12 



Analytical data 

HPLC or LCyMS: HPLC betabasic CIS Column, 
CH3CN, Water 

Estltnated Purity: >95% by UV {K-asJi 
Micro analysis: 

Calai. Found. 
C: 58.21 56.20 

H: 6.33 6.33 

N: 7.54 7.18 

Other: B: 1.94 1.84 
Zn: 5.87 7.26 



Physical Properties 

R)mi: Amorphous solid 

Colour: White 

Melting Point: N/A 

Solubility: Soluble In aqueous media 
ffl'-ama^ml 

M„: 1114.18 



Notes: The trigonal formula of the add boronate is used in the calculated microanalyses. It is 
10 believed that a lower sodium salt solubility is repori£d In osmjile 11 because the salt tested in 
Qcample 11 had lower chiral purity. 

Conclusion 

The zinc, caldum and magnesium salts have all been prepared with a stoldiiometry of one metal ion 
15 to two molecules of T1U 50c The values found for the caldum and magnesium salts are dose to 
and Uius consistent with those calculated for this 1:2 stoichiometry. For tJie zinc salt an excess of 
zinc was found; nonetheless, the zinc salt comprises a significant proportion of acid boronate. The 
sodium salt has been prepared witii a stoidiiometiY of one metal ion to one molecule of THE 50c. 
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The value found for the sodium salt is dose to and thus oonsBtent with that calculated for this 1:1 
stoichioin^. 



p(AMPi£34-grABiLny 

An assay of TO 50c and its sodium and lysine salts before and after drying. 
1. 



Table 1 



Compound 


Amount [(ig/mL] 


Purity (Vo area) 


TO 50c dry 


1000.0 


82.00 


TO 50c non-dried 


947.3 


85.54 


TOSOcNasaltdrv 


1024 


98.81 


TO 50c Na salt non-dried 


1005.8 


98.61 


TO50cLv5saltdnr 


813.3 


90.17 


TO 50c Lys salt non-dried 


809.8 


92.25 



nie purity of the add was lowered by the drying process but the purity of the salts 
afiedsd; the purity of the sodium salt was not significantly reduced. Large difierences In 
fadDrs will reduce the adual impurity levels, however. 



2. Analytical procedure 
2.1 Sample preparation 

TO 50c and its Na, U and Lys salts were weighed into HPLC vials and stored in a desiccator o\ 
20 phosphorus pentoxide for 1 week, lior sample analysis, 5 mg of dried and non-dried material w 
weighed in a 5 mL volumetric flasic and dissolved in 1 mL acetonitrile and filled up w 
demineralised water to 5 mL 

3. Data evaluation 

25 file quantitative evaluation was perfbmied using an HPLC-PDA method. 

4AnaIytjical parameters 



Waters Alliance 2795 
Waters Alliance 2795 
Waters AHIance 2795 

Waters 996 diode anay, I«IS-ZQ 2000 single quad 
e4.0 



4.1 

30 Autosampler 
Pump 

Column oven 
DetecHon 
Software version 
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4.2 Stationary phase 

Analytical CDlumn ID 
Material 
5 Supplier 
Dimensions 

4.3 Mobile phase 

Aqueous pliase: A: H2O + 0.1% 
10 Organic pliase: C: ACN 

Gradient conditions: 



Time 


Row 


%A 


%C 


0.00 


0.5 


90 


10 


27.0 


0.5 


10 


90 


27.1 


0.5 


90 


10 


30.0 


0.5 


90 


10 



This example indicates that the salts of the disclosure, particularly tiie metal salts, e.g. alkali metal 
salts, are more stable than the adds, notably TRI 50c. 

15 

EXAMPLE 35 - jl\hvmofiSSfi,Y AS THROMBIN WHIBITOR PF MAgNEStUM SALT OF Tiq goq 



S71 

X-Terra™MSCi8,5pm 
Waters, Bchbom, Germany 
150 mm X 2.1 mm (length, internal diameter) 



20 TRI 50c magnesium salt CTRI 1405) was tested in a thrombin amidolytic assay. 

Reagents: 

Assay Buffer: 
25 lOOmM Na phosphate 
200mM NaCI (H.688g/I) 
0.5% PEG 6000 (5g/l) 
0.02% Na azide 
pH7.5 

30 

Chromogenic substrate S2238 dissolved to 4mM (25mg -t- lOmO In water. Diluted to 50uM with 
assay buffer for use in assay at 5|iM. (S2238 is H-D-Phe-Pip-Arg-pNA). 

Thrombin obtained fiom HTI, via Cambridge Bioscience, and allquoted at Img/ml with assay buffer. 
35 Dilute to lOOng/ml with assay bufiier and then a further 1 in 3 for use in the assay. 
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Assay; 

llOfxI assay buffer 
5 50ul5(ig/ml thrombin 

20|il vehicle or cxmpound solution 

Bmlnatsy^ 

10 20|J 50|iM S2238 

Read at 405nm at ST^C for lOminutes and record Vmax 

Results and Discussion: 

15 

In this assay the magnesium salt of TRI 50c shows the same activity as TRI 50b as an external 
BCAHPIJ 36 - INTHAVENOUS ADMINgTFATTON OF TO 50C SODIUM SMT 

20 

The phannacokindics (PIQ and pharmacodynamics (PD) of TRI 50c sodium salt were studied in 
beagle dogs following intravenous administration. 

The PD was measured as thrombin time and APTT using an automated coagulometer. Plasma 
25 concentrations were measured using an LCMS /MS m^od. 

TRI 50c monosodium salt (108.8g) was dissolved in 0.9% sodium chloride (lOOmi) and dosed i.v. at 
1.0 mg/kg (1.0 m^kg over 30 seconds). Bkiod samples were taken into 3.8% tri-sodium citrate (1 + 
8) at pre dose, 2, 5, 10, 20, 30, minutes post dose and then at 1, 2, 3, 4, 6, 8, 12 and 24 hours post 
30 dose. Plasma was prepared by oentrifijgation and frozen at minus 20°C pending analysis. 

RESULTS 

The sodium salt was tolerated well with no adverse events for the total duration of the study. 

35 

Male and female dogs responded similarly with a pharmacodynamic C max: at 2 minutes (thrombin 
time of 154 seconds raised from a base line of 14.3 seconds). Thrombin time was 26 seconds at 
one hour post dose. 
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There was an exceptionally good therapeutic ratio between the Al^ and thrombin dotting time in 
dogs rec^ng the sodium salt at a dose of 1.0 mg/kg l.v. Thrombin clotting time was elevated 10.8 
times above base line (154,4 seconds fiioml4.3 seconds) two mInulEs following dosing, compared to 
only 1.3 ernes elevation in the APTT (19 seconds to 25 seconds post dose). 

BfAI^PLE 37 - I^ DUAL n-HEI>rANE OFTM 50C CAIOUM SALT 

Salt prepared foiiovirtng the methods of Examples 1 and 3 was tested by headspace gas 
chromatography. [>ata are shown below: 
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Residual solvents: Headsnace aas diromalDgraphy 


GC Parameter: 

column: 


DB-wa)^ 30 m, 0.32 mm ID, 5n 


Carrier Gas: 


Helium 5.0, 80 kPas 


Detector: 


FID,220''C 


Injector Temp: 


150°C 


Operating Conditions: 


35°cy7 min; 10°cy min up to 80°cy2 min; up to 180°cy2 min 


Injection volume: 


1ml 


Split: 


On 


Headspace Parameter: 




Oven temperature: 


70''C 


Needle temperature: 


90°C 


Transfer temperature: 


lOQoC 


Other parameters: 


temper tpue: 15 min, GC-cyde time: 28 min. 




Infection Hme: 0.03 min, duration: 0.4 min 



Calibration Standards: sample weigM/dllution 




standard 


weiglit (mg) 


volume (ml) 


rmg/ml) 


area (average^ 


n-heptane 


103.12 


100 


1.0312 


2757.74756 


sample no. 


weight (mg) 


volume (ml) 


concentration 
(ma/ml) 




1 


100.84 


5 


20.17 




2 


99.12 


5 


19.82 




3 


100.03 


5 


20.01 





n-heptane 1 




sample 


concentration (mg/ml) 


content (o/o) 




1 


0.0010 


0.0048 




2 


0.0009 


0.0044 




3 


0.0010 


0.0050 




0.00095 


0.005 



EXAMPLE 38- HPL C CHRQMATQ6RAMS 



TRI 50c monosodlum salt made by the method of Examples 1, 2 & 3 and TRI 50c hemlcaldum salt 
made by the method of Examples 1, 2 & 4 were analysed by HPLC chromatography. 



1.1 Equipment and software 

Autosampler Waters Alliance 2795 

Pump Waters Alliance 2795 

Column oven Waters Alliance 2795 

DeHsOSan Waters 2996 diode array, MS-ZQ single quad 

Software version Waters Millennium 4.0 
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1.2 Stationaiy phase 

Analytical Column ID 
Material 
Supplier 
Dimension 
Pre-cx)lumn ID 



S-71 

XTerra™ MS Qs, 5 pm 
Waters, Eschborn, Gemtiany 
150 mm X 2.1 mm (length, ID) 
no pre<olumn 



Xtena MS Qi» 5 |im is a column packing material supplied by Waters Corporatibn, 34 Maple Streelv 
Milfbrel, MA 01757, US and local offices, as in years 200^2003. It comprises hybrid 
organic/inorganic particles, oonsisb'ng of spherical parijdes of 5 |jm s'Eze^ 125 A pore size and 15.5% 
carbon load. 



1.3 Mobile Phase 

Aqueous phase: 
Organic phase: 



A: H2O + 0.1% HCOOH 
C:ACN 



H2O = H2O by Ultra Dear water purification system 
ACN = gradient grade acetonitrile 



Gradient conditions 



time 
[mini 


Ao/o 


C»/o 


flow 
[mL/min] 


gradient 
shape 


0.0 


90.0 


10.0 


0.5 




27.00 


10.0 


90.0 


0.5 


linear 


27.10 


90.0 


10.0 


0.5 


linear 


30.00 


90.0 


10.0 


0.5 


linear 



1.4 Instrumental Parameters 

Row 0.5 mL-min"^ 

Temperature 40 ± 5° C 

HPLC control Waters Millennium 

Calculab'on Waters Millenium 4.0 



30 



2.1 Wavelength/Retention time/Response fectors 



88 



Table: retenHon and detectfon parameter (k" F: 0.5 ml/min, tO = 0.9 mL/min) 



Substance 


RetTime 


% 
[nm] 


m/z 


response factor 
rarea/ufll 


Reciprocal 
Response factor 


TO 50c 


11.68 


258 


508.33 


660 


1 


Benzyl alcohol 


3.862 


258 


n.d. 


1960 


0.337 


Benzaldehyde 


6.13 


258 


n.d. 


79939 


0.0083 


Benzoic acid 


5.52 


258 


n.d. 


5967 


0.111 


Impurity I 


11.18 


258 


396.17 


886 


0.745 


ImDurityn 


13.39 


258 


482.22 


552 


1.196 



5 2.2 Unearity 

Unearity Range 4000 - 10 itg/mL (detection UV 258 nm) 



Table Unearft/ data UV 258nm 



calibration 
solution 


area 
[uAU's] 


target cone. 
FuQ/mLl 


cone found* 


Tri50c 


5353 


10 


20.44 


TYiSOc 


5301 


10 


20.37 


•msoc 


6S809 


100 


113.35 


TH50C 


66365 


100 


114.17 


TrI 50c 


172019 


250 


270.43 


TriSOc 


162587 


250 


256.48 


TriSOc 


339503 


500 


518.13 


TriSOc 


326912 


500 


499.51 


TriSOc 


6S9257 


1000 


991.02 


TriSOc 


647495 


1000 


973.63 


TriSOc 


1322371 


2000 


1971.72 


TriSOc 


1305196 


2000 


1946.32 


TriSOc 


2724410 


4000 


4045.24 



^ recalculated with linear equation 



10 Linear equation parameters: 

Y = 6.75e-H)02X-8.45e+003 
r = 0.99975 
= 0.99950 

15 Linearity Range 10 - 0,10 |ig/mL (detection SIR m/z 508,33) 



Table: Linearity data SIR 508.33 



calibration 
solution 


mean area 
ruAU's] 


target cone. 
FiiS/mL] 


cone, found* 
[ug/mL] 


Tri 50c 


2188860 


0.01 


0.022 


Tri 50c 


2702839 


0.01 


0.045 


Tri 50c 


3817226 


0.1 


0.094 


Tri 50c 


3833799 


0.1 


0.095 


Tri 50c 


23153550 


1 


0.947 


Tri 50c 


24646892 


1 


1.013 
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TrIRnr 1223007852 


10 1 9.765 


TriSOc 1233753043 


10 1 10.239 



^ recalculated iwith linear equation 



Equation parameter 

Y = 2.276+007 X + 1.69e+006 
r = 0.99958 
= 0.99916 

2.3 Quantitation limit 

The quantitatJon limit was detennined using the signal to noise ratio aiterion S/N > 19, 
UV 258 nm: 10 ng/mL 
l^/z 508.3: 0.1pg/mL 



2A Precision 



Injection 


Target concentration 
rua/mU 


Area 


Amount [(ig/mL] 


Retention time 
rmin] 


1 


250 


165805 


261.24 


11.690 


2 


250 


168644 


265.44 


11.652 


3 


250 


167858 


264.27 


11.685 


4 


250 


166947 


262.93 


11.692 


5 


250 


166925 


262.89 


11.679 


6 


250 


166294 


261.96 


11.696 


Mean 




167079 


263.12 


11.684 


Std.Dev. 




1033 


1.528 


0.01 


%RSD 




0.6 


0.6 


0.1 



2.5 Rbbustness 

Table: robustness data; Standard 250 pi^mL aqueous solution (containing < 1% ACN) 



calibration 
solution 


temp./time 
["C/h] 


area [|iAU's] 


recovery 


250nq/mL TrISOc 




172020 




250uq/mL TriSOc 


4°C 16h 


166294 


96.67 


2.5iiq/mL TiUSOc 




88034891 




2.5ua/mL TIU50C 


37''C. 4h 


88833175 


100.9 
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3. Results 

3.1 sample N ame: TRI 50c monosodtum salt 
10 Injectfan volume: lOuL 

Name Ret Time Area Area Peak Height 

(Min) <Vb [liAU's] |iAU 

TRI 50c 12.136 100.0000 604.27228 32.05369 

15 3.2 Sample Name: TRI 50c hemkaldum salt 
IniecHon volume: lOuL 

l«ame RetTlme Area Area 

(Min) V6 [llAU's] 

TRI 50c 12.126 100.0000 597.11279 

20 

TTie disclosed methods have been used to obtain salts substantially free of C-B bond degradation 
products, in particular salts containing no such products in an amount detectable by HPLC, 
specifically tiie method of Example 38. The disclosed methods have been used to obtain salts 
substantially fiee of Impurity I, in particular containing no Impurity I in an amount detectable by 
25 HPLC, specifically by Uie metiiod of Example 38. TTie disclosed meUiods have been used to obtain 
salts substantially fiee of Impurity IV, in particular containing no Impurity IV in an amount 
detectable by HPUp, specifically by tiie m^od of Example 38. 

EXAMPLE 39 - DETERMINATTON OF DIASTEREOMERIC EXCESS 

30 

TRI 50b, crude, contains three chiral centres. Two of IJnem are fixed by the use of enantiomerlcaliy 
pure amino acids ((R)-Phe and (S)-Pro). The tiiird one is fomied during tiie syntiiesis. TTie 
fevoured epimer is tiie desired TRI 50b, Isomer I (R,S,R-TRI 50b). Botii epimers of TRI 50b are 
dearly baseline separated by tiie HPLC metiiod, tiius allowing debemninata'on of tiie diasteromeric 
35 excess (de) of TRI 50b. 

TRI 50d Is not stable under tiie conditions applied for HPLC purity detemiinah-on, but decomposes 
rapidly on sample preparation to TRI 50c, so tiiat TRI 50d and TRI 50c show tiie same HPLC traces. 



PealcHeiglit 
|iAU 

32.29640 
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Hie two isomers of TO 50c are not baseline separated in HPLC, but both isomers are clearly visible. 
This becomes obvious, when TO 50b, crude (mixture of both isomers) is converted writh 
phenylboronlc add to TRI 50c crude. Both Isomers of TRI 50c are observed in HPLC neariy at the 
same relation as bdbre in TTU 50b, crude. 

5 

Upon synthesis of TO 50d from "TO 50b, crude, only one diastereoisomer is precipitated. In this 
case HPLC shows only one peak for TRI 50^ where a very small ftonting Is observed. Precipitation 
from dichtoromethane/dielhylether removes the fronting effidenBy. The level of removal of Isomer 
n cannot be quantifled by this HPLC method. Therefore samples before repreclpltatlon and after 
10 one and two repredpltatlons were esterified writh pinaool and the resulting samples of TO 50b 
analysed by HPLC. Thus a de of 95.4% was ddiermlned for the crude sample. The repredpitated 
sample resulted in a de of 99.0% and finally the sample that was repredpitated twice showed a de 
of 99.5%. 

15 These results dearly show the preferred predpitaHon of Isomer I, whereas Isomer H remains in 
solution. 

a will be appredated irom the foregoing that the disdosure provides boronic add salts useful for 
pharmaceutical purposes and whldi feature one or more of the follovn'ng attributes: (1) Improved 
20 hydiolytic slabllily; (2) Improved stability against deboronatlon; and (3), In any events not suggested 
by the prior art 

The seiecBon of active ingredient for a pharmaoeuHcal composiHon is a complex tasic, which requires 
consideration not only of biological properties (including bioavailability) but also of physicochemlcal 
25 properties desirable for processing, formulation and storage. Bioavailability itself is dependent on 
various fadiors, often induding in vivo stability, solvation properties and absorpHon properties, each 
In tum potentially dependent on multiple physical, chemical and/or bbloglcal behaviours. 
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FifAMPI F 40 - SHORT DURATTnN RAgmiCAL I Y ACCESSIBL E FORMULATION 

A formulation of TRI 50c hemicalcium salt (TGN 167) was produced in the form of round, while 
tablets 11 mm in diameter. Each tablet contained 75 mg of TRI 50c InoorporalEd as the caldum salt 
5 CTGN 167) with the following components and composiBon: 



NametriFatgi^eOent 


Unit Formula 


Standard 


Function 


Tablet Com 








AcUve Substance 








TRI 50c-04(cayum salt) 


75 mg asTRI50cfree 
acid 


•nigen 


Active Ingredient 


Exdpients ; 








Sodium Starch GIvcolate Type A 


17 mq 


PhEur 


Disinteqrant 


HvdroxyprotJVlcellulose (Klucel EF)._ 


17 mq 


PhEur 


Binder 


Magnesium Stearate 


4.25 ma 


PhEur 


Lubricant 


Mlcrocrystalllne Cellulose 
fAvicel PH102^ 


to425mg 


PhEur 


Diluent 


Purifled Water 


* 


PhEur 


Granulating 
aqent 


jsm^ 

Sub coat 








Hypromellose 


13 ma f8.5-17 ma) 


PhEur 


Rim aaent 


Purified Water 




PhEur 


Solvent 



The choice of exdplent and composMbn was made with the primary goal of achieving rapid 
10 dissolution. 

Trial Protocol 

TGN 167 tablets described above were administered via the oral route to 10 healthy male subjects 
15 as single doses (randomised double blind placebo controlled study). The group consisted of 10 
healthy male volunteers, 9 of whom received acKve compound and one of whom received placebo. 
An amendment was Introduced for the last panel, allowing 15 sutfleds (Instead of 9) to receive a 
600mg dose. The intenral behween each dose of TGN 157 was one week minimum. The allocation 
of the placebo was such that each volunteer would only receive placebo once during Hie course of 
20 thesbjdy. 

Orally administered doses were: 75mg (one tablet), 150mg (two tablets), 300mg (four tablets) and 
600 mg (eight tablets). 



25 Study Results 
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1) No dinically significant findings were detected In any safety assessments. There were no adverse 
clinical events of either a general or cardiovascular nature during the study period of 24 hours for 
any dose of TGN 167. 

2) Oral administration of TGN 167 induced a dose-related increase in tiie Thrombin Time (TT), 
5 reaching a peak within 2 to 3h after administrab'on, with maximum mean values being 

approwmately 2.5 to 7 fold higher than at pre-dose. A fall in TT to 1.5 fold baseline values occurred 
within 4 hours after administration. All TT had retumed to baseline 10 hours after administration. 
The above results indicate that TT^I 50c salts have suitable pharmacodynamic properties of a short 
duration oral antithrombotic drug, namely a rapid rise in thrombin time after administration followed 
10 shortly thereafter by a fall in TT to a level only slightly above baseline at which clinically significant 
anticoagulation is not expected. 
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BCAMPI-E 41 - TGN255 SACHET FORMULATIONS TO BE DISSOLV ED IN 150ML WATER 

TGN 255 !s the monosodium salt of TRI 50c. In the followfng tables, the amount of TGN 255 
expressed in terms of the equivalent amount of TRI 50c. 



Powders 



Ingredient 


a/sadiet 


FuncUon 


TGN255 


0.60 


Adjve Inqredlent 


Sucrose 


lOQ 


Sweetener and diluent 


AoesulfomeK 


0.04a 




Citric add 


0.2a 


Flavour enhancer 


Lemon Favour 


qs 


Flavour 


Total wt: 


~10a 






Ingredient 


g/sachet 


Function 


TGN255 


0.5q 


Active Inaredient 


Sorbitol powder 


5q 


Sweetener and diluent 


Aspartame 


0.04a 




Aniseed Flavour 


qs 


Flavour 


Total wt: 


~5.7a 




Granules 


Ingredient 


g/sachet 


Function 


TGN255 


0.6q 


Active Ingredient 


Flavour 


qs 


Flavour 


Sorbitol 


8.9q 


Sweetener and diluent 








Lutrol F68 (Poloxamer 188) 


0.5a 


Binder 


Water 






Total wt: 


~10a 




*Use 50%w/w water to granulate. Not Included in final fbrmulatibn. 


Ingredient 


g/sachet 


Function 


TGN255 


0.6f} 


Active Ingredient 


Flavour 


qs 


Flavour 


Citric acid 


0.2q 


Flavour enhancer and buffer 


Sodium citrate 


0.3a 


Flavour enhancer and buffer 


Sorbitol 


8.8a 


Sweetener and diluent 








Lubiol F68 (Poloxamer 188) 


0.2a 


Binder 


Ethanol 96% 


ND* 










Total wt 







*Use 20%w/w ethanol to granulate. Not included In final formulation. 



The powders and granules are packaged in sachets. 
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RfAMPI F 47 - COMPARATTVE gTABILITY 

The stability of TR[ 50c sodium salt and TRI 50c sodium salt calcium salt have been studied in studies < 
similar design and conditions. In both studies the active pharmaceutical ingredient was stored in gr 
5 sealed double bags within a P^PP sa-ew cap dosed cylinder. The packaging allows moisture transfi 
and the stud/ was designed to allow the investigation into the efieds of moisture and oxygen on tf 
stability of these HU 50c salts. 

The results observed after 12 months storage are summarised In the tables below. 

10 
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Discussion 

The data in ttiis example indicate that caldum salts of boronic acids are mote stable than the 
corresponding sodium salts. It IS contemplated that the same benefit may be provided by zinc 
5 # » * 

The present disclosure includes the sut^ matter of the following paragraphs (which are not 
oonsecutiveiy numbered): 

10 1. A sola phase phamaoeutical fomiulation adapted Ibr reconsBtutton into the liquid phase 
before it enters the stomach and comprising a boronic add of fonmula (J), or a salt or prodrug 



15 Y comprises a hydrophobic moiety which, together with the aminoboronic acid residue 
HNHCH{r9)-B(OH)2, has affinity for the substrate binding site of ttirombin; and 

r9 is a straight chain alkyi group interrupted by one or more ether linkages and in which the total 
number of oxygen and carbon atoms is 3, 4, 5 or .6 or r9 is -(CH2)m-W where m is from 2, 3, 4 or 5 
20 and W is -OH or halogen (F, CI, Br or I). 

2. A fomiutetion of paragraph 1 wherein R^ is an aikoxyalkyi group. 

3. A formulation of paragraph 1 or paragraph 2 wherein YCO- comprises an amino add whidi 
25 binds to the S2 subsite of thrombin, the amino add being N-terminally linked to a moiety whk:h 

binds the S3 subsite of thrombin. 

4. A fbnnuiatton of paragraph 1 or paragraph 2 wherein Y is an optionally N-temiinally 
protected dlpepUde whteh binds to the S3 and S2 binding sites of thrombin and the peptide linkages 

30 in the acid are opttonally and independently N-subsHtuted by a q-Cis hydrocarbyl optionally 
containing in-chain or in-ring nitrogen, oxygen or sulfur and optlonaily substituted by a substituent 
selected from halo, hydnscy and talfluoromethyl. 



thereof: 




(I) 



wherein 



5. A formulation of paragraph 4 wherein saki dipeptide is N-terminally protected and all the 
35 peptide linkages in the add are unsubstituted. 
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6. A formulation of paragraph 4 or paragraph 5 wherein liie S3-binding amino add residue is of 
R configuration, the S2-binding residue is of S configuration, and the ftagment -NHCH(r9)-B(0H) is 
of R configuration. 

7. A formulation of any of paragraphs 1 to 6 wherein the boronic add has a IQ for thrombin of 
about 100 nM or less. 

8. A formulation of paragraph 7 wherein the boronic add has a IQ for thrombin of about 20 nM 
or less. 

9. A reconsHtutable oral formulation of a boronic add of fonnula (n) or a saiti prodrug or 
prodrug salt thereof: 



X Is H (to fonm NH2) or an amino-proteding group; 

aa^ is an amino add having a hydrocarbyi side diain containing no more Uian 20 carbon atoms and 
comprising at least one cydic group having up to 13 carbon atoms; 

aa^ is an imino add having from 4 to 6 ring members; 

r1 is a group of the fonnula -(Oi2)s-Zi where s is 2, 3 or 4 and Z is -OH, -OMe, -oa or halogen 
(F, a Br or I). 

10. A formulation of paragraph 9 wherein aa^ is seleded from Phe, Dpa and wholly or partially 
hydrogenated analogues thereof. 

11. A formulation of paragraph 9 wherein aal is selected from Dpa, Phe, Dcha and Cha. 

12. A formulation of any of paragraphs 9 to 11 wherein aa* is of R-oonfiguratJon. 

13. A fbrmulation of paragraph 9 wherein aal is (R)-Phe (that is, D-Phe) or (R)-Dpa (that is, D- 
Dpa). 




where: 
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14. A formulation of paragraph 9 wherein aa^ is (R)-Phe. 

15. A ibrmulation of any of paragraphs 9 to 14 wherein aa^ is a residue of an Imino add of 
5 fonnula (IV) 

H2C m-€OOH (W) 

\ y 

N 

I 

H 

where R^l Is -CH2-, -CH2-CH2-/ -CHz-CHZ"/ -S-CH2-, -S-C(CH3)2- or-CH2-CH2-CH2-/ w^ith group, 
when the ring is 5- or 6- membered, is optionaily substituted at one or more -CH2" S^ups by from 1 
to 3 Ci-C3 alkyi groups. 

10 

16. A fonnulatlon of paragraph 15 wherein aa^ is of S-cnnfiguration. 

17. A ibnnulation of paragraph 15 wherdn aa^ is an (S>proline residue. 

15 18. A formulation of paragraph 9, wherein aal-aa2 is (R)-Phe-(S)-Pro (that is, i>Phe-L-Pro). 

19. A Ibmiulation of any of paragraphs 9 to 18 wherein is 2-bromoethyl, 2-diionjeliiyl, 2- 
methoxyethyl, 3-bromopropyl, 3<hloropropyl or 3-m^oxypropyi. 

20 20. A fomiulation of any of paragraphs 9 to 18 wherein r1 is 3-meiiibxypropyl. 

.21. A fomiulation of any of paragraphs 9 to 20 where X is Rfi-(CH2)p-C(0)-, R6-(CH2)p-S(0)2-, 
R^-(CH2)p-NH-qo> or R6-(CH2)p-0-C(0> wherein p is 0, 1, 2, 3, 4, 5 or 6 and r6 is H or a 5 to 
13-membered cydic group optionally substituted by one or more (e.g. 1, 2, 3, 4 or 5) halogens (e.g. 
25 F), for example at least at the 4-po5ition, and/or by 1, 2 or 3 subsUtuents selected from amino, 
nitro, hydroxy, a cydIc group, C1-C4 alky! and Ci-C4 alkyI containing, and/or linked to the 
cydk: group through, an In-chain 0, the aforesaid alkyI groups optionally being substituted by a 
substitoent selected from halogen, amino, nitro, hydroxy and a Cs-Cg <yclic group. 



30 22. A fomiuiatfon of paragraph 21 wherein said 5 to 13-membered cydic group is aromatic or 
heteroaromatic 
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23. A formulation of paragraph 22 wherein said 5 to 13-membered cyclic group is phenyl or a 6- 
membered heteroaromaUc group. 

24. A formulation of any of paragraphs 9 to 20 wherein X is R6-(CH2)p-C(0)- or R6-(CH2)p-0- 
5 C{oy and p is 0, 1 or 2. 

25. A formulation of any of paragraphs 9 to 20 wherein X is Ijenzyloxycarbonyl. 

26. A formulation of paragraph 9 wherein the boronic add is of fbmfiula (VIII): 

10 

X-(R>l>he<S)-PKKR)-Mpg-B(0H)2 CVm). 

27. A formulation of any of paragraphs 1 to 26 wherein the boronic acid is in Ihe form of a 
pharmaceutically acceptable salt thereof, e.g. wiUi monovalent or divalent counter-fons. 

15 

28 A fomulation of paragraphs 27 which comprises a salt of Uie peptide boronic acid witii an 
alkali metal or a stitingly basic organic nitrogen-containing compound. 

29. A formulation of paragraph 28. wherein tiie strongly basic organic nitrogen-containing 
20 compound Is a guanidine, a guanidine analogue or an amine. 

30. A fonnulation of paragraph.27 wherein the salt is a salt of tiie boronic add witii a metal. 

31. A formulation of paragraph 26 which comprises a salt of the boronic add wltti an alkali 
25 metal, an aminosugar, a guanidine or an amine of fonnula (XI): 



R2 

where n is from 1 to 6, R^ is H, cartxjxylate or derivatised carboxylate, R' Is H, d-Q alkyi or a 
residue of a natural or unnatural amino add. 

32. A fonnulation of paragraph 26 which comprises a salt of tiie boronic add witii a guanidine or 
30 witii an amine of formula (XI): 




(XI) 
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R2 

Where n is fiom 1 to 6, IS H, carboxylatB or derivaUsed carboxylate, R=' is H, Q-Q alkyi or a 
residue of a natural or unnatural amino add. 

33. A fonnulation of paragraph 32 which comprises a guanidine salt of the boronic add. 



34. A formulaBcMi of paragraph 33 which comprises a salt of the boronic add with L-arginine or 
an L-arginine analogue. 



10 isomers of homoarginin^ agmatine [(4^minobulyl) guanidine], NG-nitro-L-arglnlne methyl ester, or 
a 2-^mlno pyrimidines. 

36. A formulation of paragraph 33 whidi comprises a salt of the boronic add with a guanidine of 
formula (Vn) 



15 where n is from 1 to 6, is H, carijoxyiate or derivatised cartxwcylate, 9? is H, C1-C4 aikyi or a 
residue of a natural or unnatural amino add. 

37. A fbrmulatiori of paragraph 36, wherein n is 2, 3 or 4. 

20 38. A Ibnnulatfon of paragraph 36 or paragraph 37 where the derivatised carboxylate fbrnis a 
Ci-Q alkyI ester or amide. 

39. A fbrniulaOon of any of paragraphs 36 to 38 wherein the compound of formula (Vn) is of L- 
oonfiguratlon. 

25 

40. A fbrniulaOon of paragraph 33 whldi comprises an L-arginlne salt of the peptide boronic 
add. 

41. A fonnulation of paragraph 32 which comprises a salt of the boronic acid with an amine of 
30 formula (IX). 



5 



35. A fbrmulaHon of paragraph 34 wherrfn the L-arginine analogue is l>arginine, or the D- or L- 




(Vn) 
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42. A formulation of paragraph 41, wherein n is 2, 3 or 4. 

43. A formulation of paragraph 41 or paragraph 42 where the derivatised carboxylate fbmis a 
Ci-Q alkyi ester or amFde. 

5 

44. A fbnnulaHon of any of paragraphs 41 to 43 wherein the amine of ibmiuia CDQ b of L- 
configuraHon. 

45. A ibnnulation of paragraph 41 which comprises an L-lysine salt of the boronlc add. 

10 

46. A fonnulation of any of paragraphs 1 to 26 which oompiises an alkali mdal salt of Hie 
boronlc add. 

47. A Ibnnulatton of paragi^ph 46 wherein the alkali metal is potassium. 

15 

48. A fbrmulatkin of paragraph 46 wherein the alkali metai Is sodium. . 

49. A fonnulation of paragraph 46 wherein the alkali metal is lithium. 

20 50. A Ibnnulatton of paragraph 27 whkji comprises an aminosugarsaft of the boronic add. 

51. A fbrmulatton of paragraph 50 wher^n the aminosugar is a ring-opened sugar. 

52. A formulation of paragraph 51 wherein the aminosugar is a glucamine. 

25 

53. A lonmulaUon of paragraph 50 wherein the aminosugar is a cydic aminosugar. 

54. A formulation of any of paragraphs 50 to 53 wherein the aminosugar is N-unsubstituted. 

30 55. A formulation of any of paragraphs 50 to 53 wherein tiie aminosugar is N-substituted by one 
ortwosubstituents. 

56. A formulation of paragraph 55 wherein tiie or each substituent is a hydrocarbyl group. 

35 57. A formulation of paragraph 55 wherein tiie or each substituent is selected from tiie group 
consisting of alkyI and aryl moieties. 

58. A fonnulation of paragraph 57 wherein the or each substituent is selected from tiie group 
consisting of Ci, C2, C3, Q, C5, Cg, C, and Q alkyI groups 
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59. A formulatfon of any of paragraphs 55 to 58 wherein there is a single N-subs!ituenL 

60. A fbnnulatlon of paragraph 50 wherein the glucamfne is N-methyl-D-glucamine. 

5 

61. A formulation of any of paragraphs 27 to 60 which comprises boronats ions derived from the 
peptide l)oronfc add and has a stoichibmetiy oonsislBnt widi the traronate ions carrying a single 
negative charge. 

10 62. Afbrniulalionof any of paragraphs 27 to 60 wherein the salt consists essentially of add salt 
(that is, wherein one BrOH group remains protonated). 

63. A formulation of any of paragraphs 27 to 62 whera'n the salt comprises a boronate ion 
derived from the peptide boronic add and a oounter-ibn and wherein the salt consists essentially of 
15 a salt having a single type of counter-ion. 

82. The use of a salt of any of paragraphs 1 to 63 for the manufacture of a parenteral 
medicament for a treatment recited in any of paragraphs 76 to 81. 

20 83. A reconstitutable oral pharmaceutical fbmfiulation comprising a combination of (i) an add, 
prodrug or salt of any of paragraphs 1 to 63 and (ii) a further pharmaceuHcally active agent. 

84. A reconstitutable oral pharmaceutical fonnulatibn comprising a combination of (i) an add, 
prodrug or salt of any of paragraphs 1 to 63 and (ii) anotiier cardiovascular treatment agent. 

25 

85. A formulation of paragraph 84 wherein the other canlibvascular treabnent agent comprises 
a lipid-lowering drug, a fibrate, niacin, a statin, a CETP inhibitor, a bile add sequestrant, an anti- 
oxidant^ a Ilb/ma antagonist, an aldosterone inhibitor, an A2 antagonist, an A3 agonist, a beta- 
blocker, acetylsalicylic acid, a loop diuretic, an ace inhibitor, an antithrombotic agent with a different 

30 mechanism of action, an antiplatelet agent, a thromboxane receptor and/or synthetase inhibitor, a 
fibrinogen receptor antagonist, a prostacydin mimetic, a phosphodiesterase inhibitor, an ADi^ 
receptor {P2 T) antagonist, a thrombolytic, a cardioprotectant or a COX-2 inhibitor. 

86. The use of an acid, prodrug or salt of any of paragraphs 1 to 63 for tiie manufacture of a 
35 reconstitutable oral medicament for treating, for example preventing, a cardiovascular disorder in 

co-adminisbBtion with anottter cardiovascular treatment agent. 



87. A reconstitutable oral medicament comprising a salt of a boronic add which is a selective 
Uirombin Inhibitor and has a neub^l aminoboronic add residue capable of binding to the thrombin 
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SI subsitB linked through a peptide linkage to a hydrophobic moiety capable of binding to the 
thrombin S2 and S3 subsites, the salt comprising a cation having a valency n and having an 
observed stoichiometry consistent wfith a notional stoichiometry (boronic acid:cation) of n:l. 

5 88. A medicament of paragraph 87 wherein the boronic add has a Ki for thrombin of about 100 



89. A medicament of paragraph 87 wherein the boronic add has a Ki for thrombin of about 20 
nM or less. 



90. A dosage fomi comprising a sodium salt of Cbz-{R)-Phe-(S)-Pro-{R)-Mpg-B(0H)2, the 
dosage fomi being a sachet containing a powder or granules containing said salt or an effervescent 
tablet 

15 91. A pharmaceutical product comprising a sealed container containing in the ibrm of a finely 
divided solid or granules, ready for reconstitutfon to fbnii a liquid oral fonnulation, a therapeutically 
effective amount of a borcHiic add of fbnnula n or a salt or prodrug thereof, the boronate salt 
consisting essentially of a single phannaoeuiicaily acceptable base addition salt of a boronic add 
formula (n): 



20 where: 

X is H (to form NH2) or an amlno-protecHng group; 

aa^ Is an amino add of R-configuration having a hydrocarbyl side chain containing no more than 20 
25 carijon atoms and comprising at least one cyclic group hawng up to 13 carbon atoms; 

aa2 Is an Imino add of S-conflguratlon having from 4 to 6 ring members; 

is a chiral centre of R-configuratlon; and 

30 

r1 is a group of the fonnula -{Qii)s-^ where s is 2, 3 or 4 and Z Is -OH, -OMe, -OEt or halogen 
(F, a, Br or I). 

92. The product of paragraph 91 wherein: 



nM or less. 



10 




OD 
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X is R6-(CH2)p-C(Oh R6-(CH2)p-S(0)2-» RS-(CH2)p-NH-C(0)- or R6-(CH2)p-CHXO)- wherein p Is 0, 
1, 2, 3, 4, 5 or 6 and rS is H or a 5 to 13-membered cydic group optionally substituted by 1, 2 or 3 
substituents selected fh)m halogen, amino, nllro, hydroxy, a Cg-Cg cydic group, C1-C4 alkyi and q- 
5 C4 alkyI containing, and/or ilnted to the cyclic group through, an in-chain O, the afbtesaid alkyI 
groups optionally being substituted by a substituent selected from hak)gen, amino, nitro, hydroxy 
andaC^c/dScgmup; 

aa^ is selected from D-Phe, D-Dpa, D-Cha and Dcha; 

10 

aa^ Is Pro; and 



r1 is 2-ethoxyethyl or 3-mettioxypropyl. 



15 93. A phamfiaceuHcal formulation adapted for oral administration after combining with a liquid, 
and comprising 



a) a first species selected fiom (a) boronlc adds of fbrniula CO, (b) boronate anions 
tiiereof, and (c) any equilibrium fomi of the aforegoing (e.g. an anhydride): 
^OH 

y-co-nh-ch-b:^ (I) 

R9 

wherein 

Y comprises a hydrophobic mdely which, tog^er witii Uie aminoboronic add residue 
-NHCH(r9)-B(OH)2, has affinity for tiie substrate binding site of ttirombin; and 



25 r9 is a straight diain alkyI group intemipted by one or more ettier linkages and in which tiie 

total number of oxygen and cariron atoms Is 3, 4, 5 or 6 or Is -{CH2)m-W where m Is 
from 2, 3, 4 or 5 and W is -OH or halogen (F, a, Br or I); and 

(b) a second spedes selected ftom tiie group consisting of phamiaoeutkally acceptable 
30 metal tons, said metal ions having a valency of n, lysine, arginlne and aminosugars, 

wherein tiie fomiulation has an observed stoichiomdry of first to second species essentially 
consistent witii a notional stoidiiomeby of 1:1 e>a»pt where tiie second species Is a metal ion 



wo 2005/084685 



PCT/GB2005/000907 



105 

having a valency of greater than 1, in wfhich case the observed stoichiometry is essentially consistent 
with a notional stoichiomeby of n:l. 

94. The formulation of paragraph 93 which has the chatacteiistic that, aftEr the formulation if 
5 not In an aqueous carrier is placed In one, it has a KI for thrombin of about 20 nM or less. 

95. The formulation of paragraph 93 or 94 in which 9? te 3-methoxyprDpyl and the second 
species Is sodium Ions, potassium Ions, lithium ions or lysine. 

10 96. The formulation of any of paragraphs 93 to 95 which Is in the form of fine particles for 
combining with a liquid to Ibmi a liquid fonnulation. 

97. A product comprising. In a form for reoonslitulion into a drinking solutlbn, a compound 
15 selected from boronic adds of fomiula n and their sails, e.g. a salt consisting essentially of a mono- 
alkali metal salt of an add of the formula Cbz-(R)-Phe-(S)-PrcKR)-Mpg-B(0H)2, the compound 
optionaliy being In admixture with an organic add. 

98. The product of paragraph 97 in which the salt is in unit dosage form. 

20 

99. The product of paragraph 97 whera"n ttie unit dosage form contains from about 0.2mol to 
LSrhdofthesalL 

100. TTie product of any of paragraphs 97 to 99 whidi indudes no isofonkSty agent 

25 

101. The product of any of paragraphs 97 to 100 whfch Indudes an antl-mkrobial preservative 
and a flavour agent. 

102. A product comprising. In the fomi of an effervescent tablet, a salt consisting essentially of a 
30 mono-alkall metal salt of an add of the formula Cbz-(R)-Phe-(S)-Pro-(R)-Mpg-B(OH)2, the salt 

containing no more than small amounts of other epimers of said add, the produd: optionally ftirther 
containing an organic add. 

103. The product of paragraph 102 which contains from about 0.2mol to l.Smol of the salt. 

35 

It will be apparent from the aforegoing that the oral antfcoagulant activity provided by the disdosed 
boronic adds, as represented by TRI 50c administered as salt fonns is well suited to haemodialysis. 
The rapid onset of anticoagulant adlvity, its magnitude and the offset of antlooagulation provide the 
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desired anticoagulant adtivity, its magnitude and the offset of anticoagulation provide tiie desired 
anticoagulation profile to prevent coagulation in the haemodialysis drcuit for the typical duration of a 
haemodialysis session. A drinking solution reconsHtutEd from a solid preparation will provide a 
satisfactory dosing regimen. 
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ClAIMS 



1. An oral dosage form of a compound selected from botonic adds which have a neutral 
thrombin PI domain linked to a hydrophobic moiety capable of binding to the thrombin S2 and S3 

5 subsites, and salts, prodrugs and prodrug salts of such adds, the dosage form comprising a solid 
phase formulab'on comprising the compound and being adapted for reconstitution of the fomiulatlon 
to form a liquid preparab'on. 

2. A dosage fonn of dalm 1 wherein the thrombin Pi domain comprises a neutral 
10 aminoboronic add residue. 

3. A dosage fomi of claim 1 wherein the boronic add is of fomiula Q): 



15 Y comprises a moiety which, together with the fragment -CH(r9)-B(OH)2, has afflnlty for the 

substrate binding site of thrombin; and 

r9 is a straight chain allcyl group interrupted by one or more ether linkages and in which the tcM 
number of oxygen and cariron atoms is 3, 4, 5 or 6 or is -(CH2)m-W where m is from 2, 3, 4 or 5 
20 and W is -OH or hatogen (F, Q, Br or I). 

4. A dosage fomi of claim 3 wherein R^ is an alkoxyalkyl group. 

5. A dosage form of claim 3 wherein Y comprises 

25 an amino group bonded to structural fiBgment -CH(r9)-B(OH)2, and 

a hydrophobic moiety which Is linked to said amino group and which, together with said 
structural fragment^ has affinity for the substrate binding site of thrombin. 

6. A dosage forni of any of claims 3 to 5 wherein Y comprises an amino acid which binds to the 
30 S2 subsite of thrombin, the amino acid being N-tenninally linked to a moldy which binds the S3 

subsite of thrombin. 

7. A dosage forni of claim 6 wherein Y is an optionally N-tenninally protected dipeptide which 
binds to the S3 and S2 binding sites of thrombin and the peptide linkages in the acid are optionally 

35 and independently N-substituled by a CyCi^ hydrocarbyl optionally containing in-chain or in-ring 




(I) 



wherein 
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nitrogen, oxygen or sulfur and optionally substituted by a subsHtuent selected from haio, iiydroxy 
and trifluorometliyl, and optionally wherein said dipepHde is N-terminaliy protected and/or all the 
peptide linkages in tiie acid are unsubstituted. 

5 8. A dosage form of daim 7 wherein the S3-binding amino add residue Is of (R)-conflguratton, 
the SZ-blndIng residue is of (S)-configuration, and the fragment -NHCH(r9)-B(0H) is of 
(R)-oonr^uration. 

9. A dosage fbrm of any of daims 1 to 8 wherein said compound is a phamiaceutically 
10 acceptable base addition salt of a said acid. 

10. An oral pharmaceutical dosage fomi adapted to be reqonstituisd eiUier 
prior to administration into a liquid for oral administration, or 

in the mouth, 

15 and comprising a compound selected from boronic adds of fomiula (m) and salts, prodrugs and 
prodrug salts thereof: 




X is H (to form NH2} or an amino-protecb'ng group; 

20 

aa^ is an amino acid having a hydrocarbyl side chain containing no more than 20 carbon atoms and 
comprising at least one cydic group having up to 13 carbon atoms; 

aa^ is an imino add having from 4 to 6 ring members; 

25 

r1 Is a group of the formula -(CH2)s-Z, where s is 2, 3 or 4 and Z Is -OH, -OI«Ie, -Oa or halogen 
(F, a, Br or I). 

11. A dosage fomt of claim 10 wherein aa^ is selected from Phe, Dpa and wholly or partially 
30 hydrogenated analogues thereof, and optionally is selected from Dpa, Phe, Dcha and Cha, e.g. is 

(R>Pheor(R)-Dpa. 

12. A dosage form of daim 10 or claim 11 wherein aa^ is a residue of an imino acid of formula 
(IV) 
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\ / 
N 

i 

H 

Where Rll is -CHr, -CH2-CH2-» •<«2=CH2-/ -S<H2-, -S-C(CH3)2- or-CH2-CH2-CH2-, which group, 
when the ring fs 5- or 6- membered, is optionally substituted at one or more -CH2- groups by from 1 
to 3 C1-C3 alkyi groups, and opHonaily aa2 is an (S)-prollhe re^due, e.g. aal^2 b (R)-Phe<S)-l»ro. 

13. A dosage form of any of claims 10 to 12 wherein aa^ is of (R)-configurat"on and/or aa2 fs of 
(S)-cnn(iguratton and/or the ftagment -NH-CH(r1>B(0H)2 is of (Reconfiguration. 

14. A dosage fomi of any of daims 10 to 13 wherein r1 is 2-j>rwnoethyl, 2-chloroethyl, 2- 
methoxyethyl, 3-bromopropyl, 3-diloropropyl or 3-methax^ropyl, e.g. is 3-methoxypropyl. 

15. A dosage form of any of claims 10 to 14 where X is R^CH2)p-<X0)-, R^CH2)p-S(0)2-, 
R6-(CH2)p-NH-C{0)- or R6-(CH2)p-0-C(0)- wherein p is 0, 1, 2, 3, 4, 5 or 6 and r6 is H or a 5 to 
13-membered cydic group optionally substituted by one or more (e.g. 1, 2, 3, 4 or 5) halogens (e.g. 
F), for example at least at the 4-posiaon, and/or by 1, 2 or 3 substituents selected from amino, 
nitro, hydroxy, a C5-C5 cydic group, q-C4 alltyl and C1-C4 alkyi containing, and/or linted to the 
cydic group through, an in-chain 0, the aforesaid alley! groups optionally being substituted by a 
substituent selected from halogen, amino, nitro, hydroxy and a C5-C5 cyclic group, and optionally 
said 5 to 13-membered cydic group is aromaUc or heteroaromatiq, e.g. Is phenyl or a 6-membered 
heteroaromatic group, for example X is benzyloxycariDonyl. 

16. A dosage fomi of claim 10 or daim 15 wherein the boronic add is of fonnula (Vm): 
X-(R)-Phe<S)-l»n><R)-Mpg-B(0H)2 (WH). 

17. A dosage fomi of any of claims 9 to 16 wherein the salt comprises a salt of the boronic add 
with a metal. 



18. A dosage fontn of dalm 17 wherein the metal comprises an alkali metal sail;, e.g. sodium, 
potassium or lithium. 
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19. A dosage form of any of claims 1 to 18 which comprises boronate ions derived from the 
peptide boronic acid and has a stoichiomeby consistent with the boronate ions carrying a single 
negative charge. 

5 20. A dosage fbnn of any of claims 1 to 19 whith comprises: 

a phannaceutical fomiuiataon which contains said compound and is in the fbmi of powder or 
granules; and 

a sealed container in which the formulation Is contained and Irom which the ibrmulatibn is 
to be dispensed for reconsUtuHon. 

10 

21. A dosage ibmn of clabn 20 wherein the fbnnulatibn Is In the ibmi of a powder and comprises 
afiowaidoraglidant 

22. A dosage fbmi of daim 20 wherein the ibnnulation is in the fbrm of granules and compHses 
15 a binder. 

23. A dosage fomi of any of claims 20 to 22 wherein the container is a sachet 

24. A dosage fom of any of claims 1 to 19 which comprises a pharmaceutical formulation which 
20 IS in the form of an dl^rvescent tablet which contains said compound and an eRiervescent system. 

25. A dosage fbmi of any of daims 1 to 19 whidi comprises a fast melt phamnaceulical 
ibmiutatfon which contains said compound. 

25 26. A dosage fbrni of any of daims 20 to 25 wrtiich comprises from about 0.2 to about 1.5 mo! of 
the compound, calculated on the basis of the boronic add, e.g. about 0.35 to about 1 mol. 

27. A dosage fomn of any of daims 1 to 26 which comprises an antj-microbial preservative and a 
flavour agent 

30 

28. A dosage fbnn of any of claims 1 to 23, or daims 26 or 27 when not dependent on claim 26, 
which is adapted to be reconstituted to fbm) a solution having a volume of from about 50ml to 
about 150ml. 

35 29. A phannaceutical fbnnulaUon comprising a pharniaceuUcally acceptable base addition salt of 
the acid Cbz-(R)-Phe-(S)-PrD-(R)-Mpg-B(0H)2, *e fbmiulaiion being in the fomi of a powder or 
granules in a sachet or of an effervescent tablet. 



30. A method of maldng an oral dosage fbnn fbr preventing thrombosis, comprising: 
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reacting a boronic acid which has a neutral thrombin PI domain linked to a hydrophobic 
moiety capable of binding to the thrombin S2 and S3 subsites with a base selected from the group 
consisting of basic metal compounds, e.g. a metal hydroxide or carbonate, and organic nitrogen- 
containing compounds having a pKb of at least 7, to form a reacb'on product; and 

formulating the reaction product into a solid phase fomiulatlon whidi comprises the reaction 
product and is adapted for reconstitutlon of the formulatibn to form a liquid preparation. 

31. The use of a compound as defined in any of dafms 1 to 19 for the manufacture of a 
medicament to be reoonsUtuted to fomi a drinkable preparation, e.g. a drinidng solution. 

32. The use of daim 31 wherein the medicamait is for use in the prevention of thrombosis in 
the haemodialysis drcuit of a patient undergoing haemodialysis. 

33. The use of daim 31 wherein the medicament is for emergency treatment of a suspected 
thrombotic event 

34. A method of preparing an anticoagulant preparation, comprising reconstituting, into a liquid 
preparation for oral administration and preferably a drinkable preparation, a solkl phase formulation 
comprising: 

a) a first spedes selected from (a) boronk: adds of formula (I) betow, (b) boronate 
anions thereof, and (c) any equilibrium form of the aforegoing (e.g. an anhydride), and 
combinattons thereof: 



Y comprises a hydrophobic moiety which, togdher with the aminoboronic add residue 
-NHCH(r9)-B(OH)2, has affinity for the substrate binding site of thrombin; and 

r3 is a straight chain alkyi group interrupted by one or more ether linkages and in which the 
total number of oxygen and carijon atoms is 3, 4, 5 or 6 or is -(CH2)m-W where m is 
from 2, 3, 4 or 5 and W is -OH or halogen (F, CI, Br or I); and 




CO 



wherein 



(b) a second spedes selected from the group consisting of phamnaceutically acceptable 
metal ions, sakl metal ions having a valency of n, and strongly bask: organic nitrogen-containing 
compounds. 
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35. A method of inhibiting thrombin in the treatment of disease, comprising administering 
peroialiy to a subject in need thereof a thetapeutkaily effiective amount of a compound as defir^ in 
any of daims 1 to 19, said compound being put into solutibn or suspension fiom a solid phase 

5 fbmfiulatibn prior to the compound entaing Hie stomach. 

36. TTie method of daim 35, wherein the salt is put Into solution or suspension by reconstituting 
with a liquid prior to administration or in saliva in the mouth. 

10 37. A method of preventing thrombosis in the haemodialysis drcuit of a patient, comprising 
reconstituting into a drinloble preparation a solid formulation comprising a salt as defined in any of 
daims 9 to 19, and orally administering the drinkable preparation. 

38. The use of a compound as defined in any of daims 1 to 19 for the manufacture of a 
15 medicament for treating flight DVT or thrombosis in IntermiHsnt apheresis, e.g. extracoiporeal liver 

d^oxification. 

39. The use of claim 38, wherein the medicament is an oral medicament, for example a tablet, 
capsule, sach^ effervescent tablet or fast melt fbrmulatibn, or is a parenteral medicament, e.g. an 

20 f.v. medkameni^ for example a powder. 

40. A method of preventing deep vein thrombosis during an airplane flight in a subject at risk of 
developing such thrombosis, comprising administering to the. suited: a therapeutically effocQve 
amount of a compound as defined in any of daims 1 to 19. 

25 

41. A method of preventing thrombosis in extracorporeal liver d^nxification in a subjed: at risk 
of develoj^ng such thrombosis, comprising administering to the subfject a therapeutically effective 
amount of a compound as defined in any of daims 1 to 19. 

30 42. The use, for the manufocture of a medicament for the prevention of thrombosis in the 
haemodialysis circuit of a patient undergoing haemodialysis, of a compound selected from boronic 
adds which have a neutral thrombin PI domain linked to a hydrophobk: moiety capable of binding to 
tile thrombin S2 and S3 subsites, and salts, prodrugs and prodrug salts of such adds, tiie compound 
not being a base addition salt of such a boronic add. 

35 



